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How Duraglas milk bottles help 
Dairies to greater profits! 


gee 


At the forming machines .. . at the lehr 


...at the raw material location— 
strict QUALITY CONTROL rules in the 
manufacture of Duraglas milk bottles. 


¥ The result is dependably strong, high- 


trippage bottles of uniform capacity, 
with high resistance to impact, heat, 
cold, and washing solutions. 


¥ In addition, Duraglas bottles have 


a “High-Luster” finish that keeps 
bottles glistening trip after trip. 
Dairies are assured of the finest bottles 
always because continuing research 
at the Duraglas Center keeps Duraglas 
bottles in the quality lead. 


High-quality, returnable glass bottles 
are unequaled for keeping container 
costs low. So remember, whatever 
your dairy container needs may be, 
look to one dependable source for glass 
containers—Owens-Illinois Glass 
Company. 


ACL—£ach bottle can be a “talking sales- 
man” for the dairy with Applied Color 
Lettering designs. Stock designs are always 
available, and our artists are ready to develop 
special designs. 
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SEALS 


CP's new homogenizer head with reusable Sanitary 
**O”"-Ring Seals, provides improved sealing 
against leakage, permit: te metal to metal 
contact of mating surfaces, makes assembly 

and disassembly easier, shortens cleanup time, 
and reduces maintenance cost. 


‘Triple reduantages of 
| CP MULTI-FLO HOMOGENIZER 


Whether you need a-new homogenizer for milk or 
mix, enjoy these CP Multi-Flo Homogenizer per- 
formance and economy advantages: 

1. CP Single Service Homogenizing Valve that as- 
sures uniform daily results with consistently fine 
performance. 

2. Lower Pressures Cut Operating Costs—by operating 
with full efficiency at low pressures, CP Multi-Flo 
Homogenizers reduce power required by as much as 
one third. 

3. Fast Clean-Up Construction—CP Homogenizer 
head can be disassembled in 4 to 7 minutes—reas- 
sembled just as quickly. 

Why not check with your CP Salesman today— 
deliveries are good on most sizes. 


THE Cocameory Package MEG. COMPANY General ond Export Offices: 1243 W. Washington Bivd., Chicage 7, 


Branch Offices in 21 Principal Cities 
CREAMERY PACKAGE MFG.CO.OF CANADA, LTD. THE CREAMERY PACKAGE MFG. COMPANY, LTD. 
267 King St., West, Terente 2, Ontario Mill Green Reed, Mitchem Junction, Surrey Engiend 


Your advertisement is being read in every State and in 45 Foreign Countries 
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whats now in todays mail? 


“The vanilla crop is ready .. . Now's the 
time to buy...” A day's mail at Michael's brings 
reports like this from all the vanilla-growing 
centers of the world...keeping a sensitive finger 
on the pulse of an industry, revealing the 
right time to buy. 

It's the selection and blending of these 
superior beans with the fortifying agent 
vanillin that insures the distinctive, delightful 
uniform character of Mixevan Powdered 
Vanilla Flavoring. 

This character, which imparts to leading 
brands of quality ice cream a steady, 
delicate, delicious flavor, simply cannot 
be approximated by extracts. And it’s this 
flavor that has brought a still different 
stamp to Michael's mailbox . .. an 
overwhelming stamp of approval 
from the public. 


Michael for Special Uses 
TRUE VANILLA SUGAR 
for custom made ice cream 
TWIXT for popular-priced 


Mich ael's 


The Powdered Vanilla with the Locked-In Flavor 


Amer teas Fla rite = Other Vanilla Products by 


DAVID MICHAEL & CO., Inc. 


Half a Century in the Flavoring Field 
3743-63 D STREET - PHILADELPHIA 24, PA. 


For further information and prices see our representative or write direct 


Your advertisement is being read in every State and in 45 Foreign Countries 
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ACID-KLENZ 


AND THE 
Chem-O-Shot FEEDER 


Acid-Klenz is an organic acid de- 
tergent that is highly effective for the 
removal of milkstone and the retard- 
ing of bacterial growth on all milking 
and milk producing equipment. 
Dairy farms and plants as well as 
cream stations find it equally effec- 
tive for stabilizing hard water, 
emulsifying milk fats and suspending 
milk solids quickly and effectively. 
Chem-o-Shot proportioning equipment 
gives accurate control to prede- 
termined pH level for guaranteed 
results. 

Write for special literature describing 
fully the Klenzade method of main- 
taining Sparkling Clean Milk Cans. 


KLENZAD 
| KLENZADE PRODUCTS 


INCORPORATED 
BELOIT, WISCONSIN 


CHEMICAL CLEANING SPECIALISTS SERVING 
INDUSTRY WITH CONVENIENTLY 
WAREHOUSES 


Complete Stabilizers 


and Emulsifiers 
BODY - GUARD®-for the finest 


grade of ice cream, high active in- 
gredient content—83¢/Ib. 


PRIDEX®—tor ice creams with pleas- 
ing mellow ist 
cally priced —57¢/ Ib. 


Straight Stabilizers 
HY-GUARD®—+0: ice creams, milk 


sherbets, ices and stick confections— 
excellent stabilization—57¢/Ib. 


PRIDE®—tor deliciously smooth tex- 
tured ice cream, with maximum sta- 
bilization at low cost—53¢/Ib. 


Straight Emulsifier 
EM EX® — for increasing whipping 
ability of ice cream and controlling 
overrun when used with good sta- 
bilizers—44 ¢/Ib. 
eee 


Ask your Dairy Supply Jobber or us 
for testing samples and bulletins. 


®—Registered U.S. Patent Office 


RITE FOR 


WRITE FOR literature 
describing G.B.1. Ice Cream 
Stabilizers and Emulsifiers 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK * CHAGRIN FALLS, OHIO 


Your advertisement is being read in every State and in 45 Foreign Countries 
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You can have confidence 
in B-K Dairy Sanitation Products 
for 3 good reasons 


You can be sure the dairy farmers who 
use B-K products in your area are get- 
ting the best possible sanitation—for 
three very good reasons: 


1. B-K was the first proprietary hypo- 
chlorite bactericide and sanitizer dis- 
tributed to the dairy industry and still 
leads all others in volume and accept- 
ance everywhere. 


2. Packages and labels of all B-K 
products are designed to promote regu- 
lar and correct use. Thus you and they 
reap the benefits of cleaner, more sani- 
tary utensils and better quality milk. 
Packages and labels are also built to 


Here's B-K farmer Taylor Farnsworth, of Beaver City, Utah, mak- 
ing a rinse solution according to instructions on the B-K bottle. 


withstand practically any milkhouse 
conditions. 


3. Fieldwork aids designed primarily to 
assist milk plant fieldmen in maintain- 
ing their supply of good quality milk 
are readily available at all times. (If 
you’d like to see any of these, please 
write for details to address below.) 


Matter of fact, it might be worth your 
while to receive regular issues of B-K 
sanitation tips for distribution to your 
producers. Just write on your business 
letterhead to B-K Dept., Pennsylvania 
Salt Manufacturing Company, 1000 
Widener Bldg., Philadelphia 7, Pa. 


Pennsalt 


Chemicals 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Handy, flat pack of 100. 
Easy to pick up, carry, and store. Flap 
closes at touch of a finger to keep each 
Rapid-Flo Fibre-Bonded Filter Disk clean. 


Sanitary high-lustre-finish metal carton 
holder—another J & J exclusive. Easily 
attached to wall wherever convenient, to 
keep filter disks within arm’s reach. Ask 
your Johnson & Johnson Field Service 
Representative for demonstration. 


4949 WEST 65th STREET 


A QUALITY PRODUCT 
Quality Packed: 
to help quality 


production 


RAPID 


Trade Mark of Johnson & Johnson 


Sounded Ag 
FILTER DISKS 


J & J Rapid-Flo Fibre-Bonded Filter Disks, 
made by the world’s leading producers of 
surgical dressings, are immaculately clean 
when they leave the factory. 


They’re kept that way, in the handy, flat 
Factory-Sealed Carton, designed to retain 
factory freshness clean to the last disk. And 
that’s not all. Johnson & Johnson furnishes 
a separate metal carton holder to further 
preserve sanitation. Its sloping lid with high 
lustre finish won’t collect dust. And it closes 
automatically after producer has procured 
a filter disk—with one hand. 


“Only a company that gets its men into the 
milk house or barn would have recognized 
the need...;’ says the Director of Fieldmen 
fora leading dairy—and J & J does just that! 


What’s inside the carton is even more im- 
portant—Rapid-Flo Filter Disks, Fibre- 
Bonded for greater safety, sediment reten- 
tion and strength. Fieldmen, Sanitarians 
know they can rely on Johnson & Johnson 
for aid in Quality Milk Production. The 
first step is to urge producers to use the 
Rapid-Flo Farm Sediment Check-Up and 
— Rapid-Flo Fibre-Bonded Filter 
isks. 


CHICAGO 38, ILLINOIS 


Your advertisement is being read in every State and in 45 Foreign Countries 
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THE EFFECT OF ANTIBIOTICS ON IN VITRO CELLULOSE DIGESTION 
BY RUMEN MICROORGANISMS” ? 


R. H. WASSERMAN,}. 4 C. W. DUNCAN, E. S. CHURCHILL anv C. F. HUFFMAN 


Departments of Bacteriology, Agricultural Chemistry and Dairy, Michigan Agricultural 
Experiment Station, East Lansing 


Antibiotics and other bacteriostatic agents have been used in isolation work 
for many years to inhibit selectively undesirable types of organisms (8, 19, 25). 
Another important use of some of the bacteriostatic agents has been in the identi- 
fication of certain bacteria which grow in the presence or absence of these agents. 
The use of antibiotics in rumen digestion studies suggests the possibility of defin- 
ing the cellulolytic fraction of the rumen microflora in terms of resistance or 
sensitivity to these agents. 

The factors responsible for cellulolytic digestion have been attributed to the 
naturally occurring microflora in the rumen. Henneberg (12) and Baker and 
Harriss (1) studied microscopically the partially digested material of the rumen 
and observed cellulolytic bacteria within the eroded cavities of plant material. 
Gall et al. (9) and Hungate (14) isolated many types of cellulolytie microor- 
ganisms in numbers high enough to designate them as major physiologic types. 

The in vitro method of studying rumen digestion allows greater control and 
more extensive observations under experimental conditions than does the in vivo 
method, but it is apparent that conditions set up artificially must be substantially 
equal to the environmental conditions in the intact rumen. Marston (20) devised 
a method for regulating the pH, maintaining the temperature at 39° C., and 
maintaining anaerobiosis by passing nitrogen through the system continuously. 
Louw et al. (17) introduced a method for removing the lower fatty acids formed 
during digestion by suspending a semipermeable sac in a large volume of growth 
medium, so the acids could dialyze out of the field of fermentation. The results 
obtained by Louw et al. showed that the rate of digestion of cellulose was more 
rapid in the semipermeable sac than in an all-glass fermentation vat. More re- 
cently, Gall and Glaws (10) studied the bacteriology of both the semipermeable 

Received for publication Jan. 25, 1952. 

1 Published with the approval of the Director of the Michigan Agricultural Experiment 
Station as Journal article no. 1317. 

2 This study was made in part with funds provided by the Research and Marketing Act of 
1946, through a cooperative project between the Michigan Agricultural Experiment Station and 
the Bureau of Dairy Industry. 

3 Agent of the Bureau of Dairy Industry, U.S.D.A. 

4 This article is part of a dissertation presented to the Faculty of the Graduate School of 
Michigan State College in partial fulfillment of the requirements for the degree of Master of 
Science. 
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system and the all-glass, impermeable system and found that the gram stains and 
eulturability of the microorganisms obtained from the semipermeable system 
compared favorably with those found in the original rumen contents. The im- 
permeable system gave poor culturability, altered gram stains and evidenced a 
lack of anaerobic organisms. 

Using modifications of the above techniques in the operation of an artificial 
rumen, incubation studies have been made to ascertain the persistency and effect 
of various antibiotics on rumen microflora and to obtain also information on the 
cellulolytie activity of the microflora in the presence of antibiotics. 


EXPERIMENTAL 


Modifications of the methods of Louw et al. (17) and Marston (20) were uti- 
lized in making an artificial rumen set-up. A semipermeable sac (Visking 
sausage casing) was suspended in a 2-l. large-mouth glass bottle which contained 
a complex salt solution somewhat similar to that employed by Burroughs et al. 
(4) and Louw et al. (17). The salt solution contained 5.50 g. NaH,PO, - H,O, 
3.35 g. NaHCOs,, 5.00 g. MgSO, -7H.O, 1.50 g. KCl, 5.25 g. (NH,).SO,, 1.45 g. 
CaCl, -2H,O, 4.0 mg. FeSO, -7H,0, 4.0 mg. CoCl, -6H,O, 4.0 mg. ZnSO, -7H,O 
and 2.0 mg. CuSO, - 5H,0O in 2,000 ml. of distilled water. The solution was steri- 
lized in 2-1. quantities by autoclaving for 30 min. at 15 lb. pressure. 


Fie. 1. A battery of artificial ruamens assembled for a digestion trial. 


The semipermeable sac was 1.75 in. in diameter and closed at the lower end 
with a no. 10 solid rubber stopper. The top of the sae was closed with a no. 10 
rubber stopper which contained two small holes for the gas inlet and outlet tubes 
and a larger hole, fitted with a no. 00 solid rubber stopper, through which the 
rumen ingesta and antibiotics were added and samples removed for analysis. 
The upper no. 10 stopper was fitted into a no. 12 rubber stopper which fitted the 
mouth of the bottle. The no. 12 stopper also contained two additional holes, one 
for a mereury-sealed, air-driven stirrer and one for a hypodermic needle. Fig- 
ure 1 shows a battery of four artificial rumens assembled for a digestion trial. 
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Anaerobic conditions were maintained in the fermentation sae by bubbling 
oxygen-free CO, through the system continuously. After passing the CO, 
through a chromous acid solution to remove traces of O., the CO, was washed in 
distilled water, dried over anhydrous CaCl,, sterilized by passage through an 
18-in. column of sterile cotton and then led into the fermentation system. The 
gas outlet consisted of a Kjeldahl connecting bulb which provided a trap for the 
liquid and foam that were forced up when the gas was flowing at a high rate. 
When the flow was decreased, the trapped liquid ran back into the fermentation 
sac. To expedite the dialysis of the by-products of cellulose digestion, the salt 
solution outside of the sac was kept in constant motion by use of a stirrer. 

To provide the substrate at about the 2 per cent level, approximately 4.0 g. of 
accurately weighed, finely ground Whatman no. 12 filter paper were placed in 
each sac. The total amount of cellulose in each sac was the added filter paper 
plus that introduced with the inoculum. Each sac was suspended in a bottle and 
the entire apparatus was assembled and sterilized by autoclaving for 15 min. at 
15 lb. pressure. 

The rumen sample was collected in a sterile 1-1. Erlenmeyer flask fitted with 
a 3-hole rubber stopper which held a large funnel, a gas inlet and a gas outlet 
tube. The apparatus was insulated by several layers of brown paper. The 
liquid rumen ingesta were obtained during the height of digestion from a fistu- 
lated Holstein cow maintained on a normal hay and grain ration. The fistula 
cap was removed and the rubber gloves, worn while sampling, were ‘‘washed”’ 
with rumen ingesta to remove some of the contaminating microorganisms acquired 
when the cap was removed. <A pocket was dug in the rumen contents to facilitate 
the removal of the more liquid portions. The sample was removed from the 
pocket with a sterile cup and filtered through six layers of sterile cheese cloth. 
The semi-solid portion was squeezed manually to remove the liquid in close con- 
tact with the partially disintegrated hay. Throughout the collection period, oxy- 
gen-free CO, was bubbled through the flask to maintain as near to anaerobic con- 
ditions as possible. The flask was completely filled with rumen fluid and immedi- 
ately taken to the laboratory. 

Two hundred-ml. aliquots of the rumen liquid were pipetted into each of the 
saes containing the cellulose. The fermentation vessels were placed in a water 
bath with the temperature thermostatically controlled at 40+ 1° C. The salt 
solution was added to each bottle until the aqueous levels were the same on both 
sides of the sac. Equivalent quantities of the antibiotic then were added to the 
sae and to the salt solution so the concentration was the same on both sides of 
the membrane. The entire contents within the sac were mixed vigorously by 
bubbling CO, through the mixture for 5 min. and then the rate of flow was de- 
creased to impart a slow movement. The stirrers were started to keep the salt 
solution in constant motion. Fermentation was terminated at the end of 24 hr. 
by adding 10 ml. of a 1:10 solution of Roceal and storing the ingesta under re- 
frigeration. The concentration of the antibiotic and the pH were checked 
periodically and the acids were neutralized with 1 N Na,CO; to maintain the pH 
between 6.2 and 6.8. 
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The antibiotics employed were penicillin-G, crystalline sodium salt, lot no. 
06298-F, Parke, Davis & Co.; streptomycin, CaCl, complex, lot no. 2147, Merck 
& Co., Ine.; neomyein sulfate, research no. 9273-4, The Upjohn Co.; and chloro- 
myecetin (synthetic), lot no. 134007, Parke, Davis & Co. 

The antibiotics were assayed by the expedient method of Loo et al. (15), ex- 
cept that paper dises were used as reservoirs instead of the usual porcelain cyl- 
inders. Bacto-mycin assay agar was used for neomycin, streptomycin and chloro- 
mycetin. The pH of the agar was adjusted to 7.0 for chloromycetin. Penn- 
assay base agar and Penn-assay seed agar were used for penicillin. The test or- 
ganism was B. subtilis (A.T.T.C. 3R8788). A spore suspension with a viable 
count of 27,000,000 per milliliter was used as the inoculum. Standard curves of 
each antibiotic were obtained by dissolving a weighed amount of the dry anti- 
biotic in a known volume of phosphate buffer, adjusted to pH 7.9 for neomycin 
and streptomycin, pH 6.0 for penicillin and pH 7.0 for chloromycetin. The 
stock solutions were diluted to give concentrations equal to the highest concentra- 
tion employed in the fermentation sae and then serially diluted to five gradient 
concentrations. Standard curves were based on six replicas. The antibiotic in 
the fermentation ingesta was determined every 4 to 5 hr. by the same procedure. 
One-half ml. of the thoroughly mixed ingesta was removed and seeded on the 
assay plate with filter paper discs. One dise on each plate was saturated with 
the antibiotic standard to check against variations in the time of incubation, 
media, etc. Each antibiotic assay was done in triplicate. 

The method of Crampton and Maynard (7) was used for the determination of 
cellulose. The amount of cellulose was determined in a 200-ml. aliquot of rumen 
ingesta which had not been incubated and this value was added to the weighed 
amounts of cellulose to obtain the total amount in each sac. 


RESULTS 


The antibiotics in the aqueous phase of the rumen ingesta were measured 
periodically to obtain some indication of the rate of disappearance during the 
fermentation. The zone of inhibition of each assay was evaluated in terms of an 
antibiotic unit by comparison with the standard curve. The antibiotic persistency 
curves were obtained by plotting the effective concentration against incubation 
time. Figure 2 shows that all concentrations of penicillin dropped rapidly to 
less than 25 per cent of the original value within 45 min. after it had been added 
and then persisted at a constant level throughout the duration of the fermentation. 

Figure 3 shows that all concentrations of streptomycin increased markedly 
above the initial level within the first 45 min. and persisted for approximately 
14 hr. before the concentrations began to decline. At the end of 24 hr., the con- 
centrations were only slightly lower than the initial levels. The top dilution of 
streptomycin used to determine the standard curve was only 50.5y, because 
higher experimental values were not anticipated. Estimated values, therefore, 
were used to locate the first three points on the curve presented for the 50y con- 
centration. These points were obtained by extending the slope of the standard 
curve to determine the estimated concentration at the three assay periods. A syn- 
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x Initiol Concentration = 15¥ per mi. 
Olnitial Concentration =7.5y per mi. 
Alnitiol Concentration = 5y per mi. 


CONCENTRATION IN MICROGRAMS PER ML. 
T 


8 2 16 20 24 
PERIOD OF INCUBATION IN HOURS 
Fig. 2. The in vitro rate of disappearance of penicillin in the aqueous phase of rumen 
ingesta. 


60 x Initio! Concentration = SOv per mi. 
Olnitial Concentration = 257 per mi. 
initial Concentration =1.5y per mi. 

—— Estimated Ronge 
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CONCENTRATION IN MICROGRAMS PER ML. 


4 8 2 16 20 
PERIOD OF INCUBATION IN HOURS 


Fig. 3. The in vitro rate of disappearance of streptomycin in the aqueous phase of rumen 
ingesta. 
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ergistic action with some other constituent in the rumen ingesta may have been 
responsible for the apparent increase in streptomycin concentration. 

The concentrations of neomycin dropped to approximately 60 per cent of the 
original values during the first 45 min. and then remained fairly constant for 
the next 7 hr. in the presence of the rumen ingesta. After this time a gradual 
disappearance was evident, but the aqueous phase still contained 50 per cent of 
the original amounts after 24 hr. of incubation (fig. 4). Chloromycetin, how- 


xInitial Concentration = 507 per mi. 
Oinitial Concentration = 257 per mi. 


8 


S 
T 
x 


CONCENTRATION IN MICROGRAMS PER ML. 


«6 
PERIOD OF INCUBATION IN HOURS 


Fie. 4. The in vitro rate of disappearance of neomycin in the aqueous phase of rumen 
ingesta. 


ever, disappeared rapidly from the aqueous rumen ingesta. One-third of the 
antibiotic disappeared within 30 min. in the sac containing 50y per milliliter, 
whereas, 60 per cent disappeared in the same time from the sae containing 25y 
per milliliter. The 6-hr. assay failed to detect any antibiotic in the aqueous 
phase of the rumen ingesta. The broken line in this figure was included to indi- 
cate that the concentration of chloromycetin was less than 9y. 

Table 1 shows the influence of the various antibiotics on the cellulolytie frac- 
tion of the associative population. The lower concentrations of penicillin (5 and 
7.5 units per milliliter) stimulated cellulose digestion, but 15 units inhibited di- 
gestion. All of the concentrations of neomycin employed in this work increased 
cellulose digestion, but the stimulatory effects were inversely proportional to the 
concentrations. Streptomycin did not influence cellulolytic activity significantly 
when the concentration was 12.5y per milliliter, but activity was decreased mark- 


50. 

x 
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TABLE 1 
The effect of antibiotics on in vitro cellulose digestion 
Cellulose 
Total Digested Digested 
(units/ml.) (9-) (9-) (per g.) (%) 
15.0 5.25 1.28 0.244 — 35.4 
7.5 5.36 2.41 0.450 +19.0 
5.0 5.10 2.25 0.441 + 16.7 
0 5.26 1.99 
y/ml 
Streptomycin. .................. 50.0 3.89 1.04 0.267 - 13.0 
25.0 3.84 0.92 0.240 — 21.8 
12.5 3.84 1.23 0.320 + 4.2 
0 3.84 1.18 
25.0 4.43 1.30 0.293 + 12.3 
12.5 4.33 1.32 0.305 +16.9 
6.25 4.18 1.42 0.340 + 30.3 
0 4.63 1,21 
Chloromyeetin ................ 50.0 4.32 0.66 0.153 - 54.1 
25.0 4.32 1.01 0.234 — 29.7 
0 4.27 1.42 


a Amount of cellulose digested/gram of total cellulose. 


A Initial Concentration = 50 7 per mi. 
Olnitial Concentration = 25 7 per mi. 
=< Estimoted Range 
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Fig. 5. The in vitro rate of disappearance of chloromycetin in the aqueous phase of rumen 
ingesta. 
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edly at the higher concentrations. Chloromycetin, in the concentrations em- 
ployed, markedly inhibited the cellulolytic activity of the rumen microorganisms. 


DISCUSSION 


Periodic antibiotic assays were made over a 24-hr. period on a heterogenous 
mixture of cellulose, aqueous rumen contents and various antibiotics to determine 
the effective concentrations of the antibiotics in the aqueous phase. The filter 
paper disc method was found to be sufficiently sensitive to determine the concen- 
trations throughout the fermentation period for penicillin, streptomycin and 
neomycin, but chloromycetin could not be detected at the 6-hr. period. From 
this, it can only be assumed that the concentration of chloromycetin was less than 
9y per milliliter at the 6-hr. assay. 

Bliss and Todd (3) compared eight antibiotics in regard to minimal inhibi- 
tory concentrations for gram positive cocci and gram negative bacilli and found 
that 4 units of penicillin per milliliter inhibited the most resistant microorganisms. 
Chloromycetin inhibited gram positive cocci and gram negative bacilli in con- 
centrations from 1.2 to 10 and 1.25 to 25y per milliliter, respectively. With strep- 
tomycin, a microorganism is considered sensitive if it is inhibited by concentra- 
tions of 10y or less per milliliter (22). In view of these observations, the cellulo- 
lytic fraction of rumen microorganisms appears to be comparatively resistant to 
penicillin and neomycin, moderately sensitive to streptomycin and sensitive to 
chloromycetin. 

Cohen (6) reported that streptomycin is adsorbed on cellulose. Henry and 
Hobby (13) suggested that the adsorption of this antibiotic by cellulose would 
affect the activity of the drug only to the degree of the reduction of free strepto- 
mycin in the medium. From the results obtained in this investigation, it is as- 
sumed that any adsorbed streptomycin would still be available for bacteriostatic 
or bactericidal activity, since the drug would be adsorbed on the cellulose sub- 
strate of the cellulolytic bacteria. The adsorption phenomenon probably applies 
also to other antibiotics. The adsorbed antibiotics could not be estimated by the 
assay method employed, but the results indicate the relative concentrations in 
the aqueous phase. 

Recent studies with growing mice, chicks, young pigs and calves have shown 
that certain antibiotics increase the rate of growth of these animals (24, 21, 11, 
18, 16, 23). Bell et al. (2) reported, however, that aureomycin decreased the 
digestibility of crude fiber in steers on a balance trial involving urea. The ob- 
served changes are undoubtedly the result of a change in the microbial popula- 
tion inhabiting the intestinal tract. The present in vitro study was employed to 
indicate possible stimulatory antibiotics. The data suggest that the lower con- 
centrations of penicillin and streptomycin and all concentrations of neomycin ap- 
peared to be stimulatory, whereas higher concentrations of streptomycin and 
chloromycetin inhibited cellulolytic activity. Further work is in progress to 
study the physiological processes when various antibiotics are incorporated in the 
ration of ruminants (5). 
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SUMMARY 


The effect of penicillin, streptomycin, neomycin and chloromycetin on in vitro 
cellulose digestion was studied. 

Periodic antibiotic assays showed that the concentration of streptomyein in- 
creased above the initial level during the first 8 hr. and persisted at a high level 
throughout the 24-hr. period. Approximately 40 per cent of the neomycin dis- 
appeared within 45 min. and then the rate of disappearance was slow for the rest 
of the period. The concentration of penicillin dropped to less than 25 per cent 
of the original value within 45 min. and then persisted at a constant level for the 
rest of the period. The level of chloromycetin decreased rapidly and was not de- 
tectable after 4 hr. 

In the concentrations used, penicillin stimulated the cellulolytic rumen micro- 
organisms at the lower concentrations, neomycin was stimulatory in all concen- 
trations, streptomycin was slightly stimulatory in the lowest concentration and 
chloromycetin adversely affected the microorganisms. 
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RIBOFLAVIN STUDIES WITH CALVES. I. PREPARATION OF A 
RIBOFLAVIN-DEFICIENT MILK’ 


E. G. MOODY,’ S. M. HAUGE anp N. 8. LUNDQUIST 


Departments of Dairy Husbandry and Agricultural Chemistry, 
Purdue University, Lafayette, Indiana 


A desire to investigate riboflavin metabolism in young calves prompted the 
development of a riboflavin-deficient ration. For similar studies, Wiese et al. 
(10) used a diet of ‘‘synthetic’’ reconstituted milk and Warner and Sutton (8) 
used a technique of ultra-violet irradiation to destroy the riboflavin in liquid milk, 
using a 400-w. mercury vapor lamp emitting rays longer than 3000 A. This tech- 
nique of ultra-violet photolysis was modified by Brisson and Sutton (2), who ob- 
tained approximately 97 per cent riboflavin destruction in batches of 33 to 35 lb. 
of milk within 4.5 hr. In this latter case, photolysis took place in a photolyzing 
chamber specially designed to afford maximum surface exposure while increasing 
the temperature to 60 to 65° C. After investigating an irradiation procedure, 
the present authors made further studies to find a method by which the riboflavin 
could be removed more rapidly from large quantities of milk with a minimum 
change in the flavor or other characteristics. Since 90 per cent of the riboflavin 
in milk is in the unbound state (5) and since riboflavin is adsorbed by Florisil 
(3), the possibility of preparing the desired product by chromatographic pro- 
cedures was investigated. 


EXPERIMENTAL 


Destruction of riboflavin by ultra-violet irradiation. Three gal. of skimmilk 
were placed in a pyrex jar 18 in. in diameter with the surface of the milk 9 in. 
directly below the source of light. The milk was subjected to irradiation from a 
600-w., 12.5-em. quartz mereury vapor lamp* while being stirred mechanically. 

Under these conditions, the destruction of riboflavin was relatively slow at 
room temperature (fig. 1), less than 90 per cent destruction occurring during 
12 hr. of irradiation. Five hr. of irradiation at 60 to 65° C. reduced the ribo- 
flavin to less than 0.15 mg. per liter, as determined microbiologically (6). The 
milk was heated by hot plate or by two infra-red and two flood lamps. The 
longer wave lengths from these lamps did not appear to increase materially the 
rate of riboflavin destruction. The treated milk assumed a dull, chalky white 
color and a strongly oxidized flavor. 

Removal of riboflavin by chromatography. Florisil (1.5 to 2.0 lb. of 60/100 
mesh) was used in preparing a column 3 in. in diameter. The rate of flow was 
regulated to 5 gal. of milk per hour by vacuum. Skimmilk was effectively chro- 
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matographed cold, but whole milk had to be treated immediately after milking, 
or it required warming to about 45° C. to prevent clogging of the column, pre- 
sumably by liquefying the fat. The flavor was not noticeably altered, but the 
eolor of the skimmilk and of the milk below the cream line of the whole milk was 
a dull, chalky white. The cream layer appeared to be unaltered. 

The Florisil was reclaimed by successively washing with warm water, acetone 
or ethanol, and finally ashing at 600 to 650° C. 


100r 
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ULTRAVIOLET IRRADIATION (HR ) 
Fig. 1. Destruction by ultra-violet irradiation of riboflavin in an aqueous solution and 
in milk at 60-65° C. and at 20-25° C. 


Riboflavin assay. Untreated and treated milks were assayed for riboflavin by 
fluorometric procedures (4) using a Coleman model 12 photofluorometer to 


TABLE 1 


Comparison of riboflavin assay procedures for untreated and treated milk 


Untreated milk Chromatographed milk 
Treatment of sample No. x No. . B, 
sam- Range Aver- sam- Range Aver- re. 
ples age ples age moved 
(mg./l.) (mg./L.) (mg./l.) —(mg./l.) (%) 
Photofluorometric determination : 
67% acetone extract (3) ..... 26 1.45-2.14 1.76 39 0.010-0.090 0.034 98.1 
Microbiological determination : 
Direct addition to tubes (5) 12 1.61-3.06 2.54 18 0.1438-0.448 0.299 88.5 
pH 4.5 filtrate (6)... 5 1.26-1.73 1.48 21 0.104-0.299 0.217 85.3 
67% acetone extract of 
67% acetone extract of milk 4 0.020-0.038 0.030... 


pH 4.5 filtrate (modified 
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measure the fluorescence and/or by microbiological techniques (6,7). The values 
as summarized in table 1 represent results obtained from 1949-1951 and do not 
necessarily represent different assays of the same sample of milk. 

Fluorometric and microbiological assay procedures were comparable for un- 
treated milk. However, it was observed that the fluorometric assays gave con- 
sistently lower values than those obtained by the microbiological method when 
applied to the low-potency treated milk. In the microbiological assays where 
diluted milk was added directly to the tubes (6), high values were obtained. The 
extraction of some samples with ether (7) usually gave lower values. However, 
if the milk were hydrolyzed by autoclaving with 0.1 N HCl at 15 lb. pressure for 
15 min., filtered at pH 4.5 and a neutralized aliquot of the filtrate added to the 
tubes, lower values were obtained. Comparable results usually were obtained 
with samples which had been digested with taka-diastase and papain or with 
0.1 N HCL. 

The possibility existed that the discrepancies in the values obtained by the 
fluorometric and the microbiological determinations of treated milk might be due 
to differences in efficiency of extraction methods, rather than in the methods of 
estimation. Samples of hydrolyzed and unhydrolyzed milk were extracted with 
67 per cent acetone. After vacuum removal of the acetone, aqueous solutions 
were assayed microbiologically. The values obtained with the hydrolyzed milk 
approximated 0.11 mg. per liter, while those with the unhydrolyzed milk were 
0.03 mg. per liter; this latter value compared favorably with 0.034, which was 
obtained with the fluorometric method (4). These results suggested that 67 per 
cent acetone fails to extract all of the riboflavin from undigested milk. It also 
indicated that microbiological assay would give similar values to the fluorometric 
values on the same extract. 

To eliminate the effect on the assay results of any possible growth-stimulating 
substances in the filtrate of acid-hydrolyzed milk, 1 ml. of this filtrate was added 
to the medium of both the standard and assay tubes. This modification gave 
values of about 0.12 mg. per liter, as compared with 0.26 per liter when such pre- 
caution was not used. The values obtained with this modification were compar- 
able to those obtained by the assay of the acetone extract of the same milk, 0.12 
and 0.11 mg. per liter, respectively. Apparently, the effect of unknown stimu- 
lants thus was eliminated and these latter values probably more closely approxi- 
mate the true values of the riboflavin present in chromatographed milk. 

Additional vitamins adsorbed. To test the possibility that other vitamins be- 
sides riboflavin might be removed from the milk by chromatography, feeding tests 
were conducted with rats. Weanling rats, 40 to 50 g., were fed a basal ration 
consisting of 400 g. ‘‘vitamin-free’’ casein, 100 g. hydrogenated cottonseed oil, 
1519 g. cerelose, 80 g. minerals, 1 g. cod liver oil and milk ad libitum. The vita- 
min supplements were fed daily in solution in castor cups. Weekly gains were 
measured. The design of the tests and results are given in table 2. 

Trial I indicated that the treated milk was deficient in factors other than ribo- 
flavin. Supplementation of the riboflavin-fortified chromatographed mill: with 
thiamine, calcium pantothenate, pyridoxine and choline during the fourth week 
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gave an immediate growth response, indicating that the chromatographed milk 
was deficient in at least one of these added vitamins. 


TABLE 2 


Average weekly gains by rats receiving untreated and chromatographed milk 
with certain B-vitamin supplements 


Time on experiment (wk.) 


Lot 

1 2 3 4a 
(9-) (9) (9) 

Trial I 
1. Untreated milk with no supplements ccc cccesenseeeennn 21.8 31.0 25.8 32.3 

Trial IT 
. Untreated milk + B-vitamins? ......... ia 22.0 34.8 30.8 29.5 
3. Treated milk + B-vitamins except thiamine ............................... 21.3 17.5 0.3 45.0 
4. Treated milk + B-vitamins except calcium pantothenate .. 23.5 31.0 28.8 28.3 
5. Treated milk + B-vitamins except pyridoxine ........................ 21.0 31.8 26.0 30.8 
6. Treated milk + B-vitamins except cholime 2.0.00. ccc 13.8 23.3 24.3 22.3 


« Missing factor per lot was supplied the end of the 3rd week. 
> B-vitamins included the following daily amounts (y): riboflavin, 40; thiamine, 20; 
calcium pantothenate, 10; pyridoxine, 9; and choline, 4,000. 


Trial Il was designed to determine which of the four vitamins had been re- 
moved in addition to the riboflavin. The tests indicated that thiamine was defi- 
nitely deficient and possibly choline. The deficiency of thiamine in the chromato- 
graphed milk was confirmed by analysis, using the fluorometric method (1). The 
thiamine contents of milk samples before and after chromatography were as 
follows : 


Untreated Chromatographed Per cent 

(mg./l.) (mg./l.) removed 
0.405 0.054 86.7 
0.473 0.059 87.6 
0.347 0.047 86.4 


The choline contents of milk before and after chromatography were deter- 
mined by a modification of the Engel method, (9) which indicated little or no 
loss of choline during chromatography. 

A slight loss of butterfat during chromatography was indicated by Babcock 
tests which showed that the milk contained 3.9 to 4.2 and 3.7 to 4.0 per cent but- 
terfat, respectively, before and after chromatography. 


DISCUSSION 


The results presented in fig. 1 show that although the destruction of ribo- 
flavin by irradiation with ultra-violet light was fairly rapid in aqueous solution, 
the destruction in milk was relatively slow at room temperature but much more 
rapid at higher temperatures. Although the photolyzing process effectively de- 
stroyed more than 90 per cent of the riboflavin in milk, the rate of destruction 
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using these techniques would limit the amount of milk that could be prepared 
and, consequently, the number of calves that could be maintained on the experi- 
mental diet at any one time. 

Chromatography offered a possibility of preparing large quantities of milk in 
a relatively short time. Of the possible adsorbents, Florisil had the advantage 
of not only adsorbing riboflavin but, because of its white color, it was easy to 
follow this process on the column. It was found that riboflavin and thiamine 
probably were the only vitamins removed from milk. There appeared to be no 
alteration in flavor or consistency of the milk. This indicated that chromato- 
graphed milk might be used in the diet to study the riboflavin metabolism of 
calves. 

Furthermore, the process offers a practical and inexpensive means of pro- 
ducing a thiamine-deficient diet for studies of this vitamin. Inasmuch as the 
flavor of chromatographed milk apparently is unaffected, the technique might 
have some value also in human nutrition studies. 

The apparent discrepancies in the riboflavin values obtained by the photo- 
fluorometric method and the usual microbiological assay were disconcerting until 
it was found that the microbiological assays of the acetone extract of milk gave 
values comparable to those obtained by the photofluorometric method. This ob- 
servation indicated that the low fluorometric values obtained were due to incom- 
plete extraction of ribofiavin by the acetone. This became evident when acetone 
extracts of hydrolyzed milk gave higher microbiological values. The results of 
this experiment indicate that acetone extracts only the free riboflavin and not 
the bound form, which conclusion is in contradiction to the opinion of Hand (4) 
who stated that both forms were extracted. Relatively, this 10 per cent of the 
riboflavin that is bound has a greater effect on assay results of low-potency milk 
than of untreated milk. 

The high values which were obtained by microbiological assay were found to 
be due to growth stimulants in the milk not removed by usual extracting tech- 
niques. When the procedure was modified to minimize the effect of their pres- 
ence, the values obtained with acid-hydrolyzed milk by the microbiological assay 
approached those obtained with the acetone extract of the same samples. 

Since about 90 per cent of the riboflavin in milk is in the free state, it is likely 
that chromatography can remove no more than this amount (table 1). 


SUMMARY 


A low-riboflavin potency milk suitable for experimental feeding was obtained 
either by photolysis with ultra-violet light. or by chromatography with Florisil. 

Chromatography removed from normal milk about 90 per cent of the ribo- 
flavin and 85 per cent of the thiamine, yielding a product containing about 0.12 
and 0.053 mg. per liter, respectively. Other constituents and properties, includ- 
ing flavor, apparently were unaffected by chromatography. 

The low-potency milk yielded a value of 0.22 mg. riboflavin per liter when 
assayed by ordinary microbiological procedures and 0.034 mg. per liter when the 
acetone extract was assayed photofluorometrically ; however, a more precise value 
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of 0.12 mg. riboflavin per liter was obtained when the modifications described 
herein were employed. 


(1) 


(8) 


(9) 


(10) 
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THE RELATION OF PREPARTAL AND POSTPARTAL MINERAL 
BALANCES TO THE OCCURRENCE OF PARTURIENT 
PARESIS IN DAIRY COWS* 


GERALD M. WARD,1.5 T. H. BLOSSER* anp M. F. ADAMS6 
The State College of Washington, Pullman 


Much information is available in the scientific literature concerning the levels 
of various mineral elements in the blood of dairy cows at the time of parturition. 
It also is known that the blood levels of certain of these elements, e.g., Ca, Mg, P, 
differ greatly from normal in cows afflicted with parturient paresis (milk fever). 
Knowledge of the mineral levels in the blood of cows with this disorder is inter- 
esting, but without supporting information it does little to elucidate the etiology 
of the disease. 

The authors have been unable to find a study of the complete mineral balance 
picture in a number of cows near the time of parturition. If such information 
were available, any differences in the prepartal and postpartal balances between 
normally calving and milk-fever cows could be noted and related to the occurrence 
of milk fever. 

The balance studies of Forbes et al. (4) included studies on nine cows near 
the time of parturition. These workers found that Ca excretion in the urine was 
lowest in cows recently fresh, and that Cl excretion was highest in dry cows. Na 
and K balances did not appear to be related. 

The urinary excretion studies by Blosser and Smith (1) showed no definite 
relation between the blood picture for Ca, Mg and P, and the urinary excretion 
of these constituents. However, Mg excretion via urinary channels was much 
higher between 16 and 3 days prepartum in cows subsequently developing milk 
fever than in normally calving cows. 

The purpose of the experiment reported herein was to study the complete 
mineral balance picture on certain minerals near the time of parturition in sev- 
eral cows, some of which were expected to have milk fever. 


EXPERIMENTAL METHODS 


Sixteen parturitions were studied in 14 cows selected from The State College 
of Washington dairy herd. The cows in this study were divided into four groups: 
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Group I, mature Jersey cows which calved normally; Group II, mature Jerseys 
which subsequently developed milk fever; Group III, first-calf Jersey heifers ; 
and Group IV, mature Guernseys and Holsteins. Five parturitions were studied 
in Group I, three in Group II, four in Group III and four in Group IV. In the 
latter group, there were two Guernseys and two Holsteins. A schedule was set up 
to collect blood, urine and feces samples from all cows on the 30th, 15th and 10th 
days, and for 5 consecutive days prior to calving. Difficulty in predicting the 
date of parturition resulted in a paucity of information on some animals, par- 
ticularly the primiparous group (Group III), while more data than intended 
were collected on other cows. The same materials were collected on the day of 
calving, for 5 consecutive days thereafter, and on the 10th, 15th and 30th days 
postpartum. 

Blood samples were drawn from the external jugular vein, using heparin as 
the anticoagulant, at the beginning and end of each collection day. All milk 
was removed from the udder twice daily and weighed and the calf fed from this 
milk. All feed was weighed on the day of collection and for 2 days previously, 
and any feed refused was weighed back. 

The total daily excretion of feces was collected in a collection stall modeled 
after one described by Forbes et al. (3). Urine was collected at 2-hr. intervals 
by stimulation. The feces were weighed at the end of the 24-hr. collection period, 
mixed thoroughly, a representative sample taken and dried in an electric oven 
and then ground. The urine was collected under toluene, the volume measured 
and a representative sample to be used for analysis was acidified with HNO, to 
approximately pH 3.0 to prevent formation of insoluble phosphates and car- 
bonates. Blood, milk feces and feed samples were wet ashed with HNO, and 
HClO,. Blood serum Ca on all samples was determined by the method of Clark 
and Collip (2). Ca on all other samples was determined by the method of Morris 
et al. (6). Naand K in whole blood were determined with a Beckman Model DU 
flame photometer. Cl was determined in feces and feed by the Volhard method 
(8) and blood serum and urinary chlorides by the method of Sendroy (7), as 
modified by Van Slyke and Hillier. Na and K in the urine were determined with 
the flame photometer after appropriate dilution with water. 


RESULTS 


Since the data are too extensive to be presented in tabular form for the indi- 
vidual cows, the average data for the four groups of cows are presented graph- 
ieally in figures 1 and 2. Ward et al. (9) have presented, in a previous publica- 
tion, detailed data on four of the cows used in this study. Complete feed intake 
data, blood levels and excretion data also are available for each cow (10). The 
average blood levels and total daily urinary excretion of K, Na and chlorides 
for the four groups of cows are presented, primarily for convenience in figure 1. 
The blood Ca levels near the time of parturition were found to be similar to 
those reported many times for normally calving and milk-fever cows. Ca excre- 
tion in the urine was very low and bore no relation to the blood levels. For 
these reasons, the Ca data are omitted from figure 1. 
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Blood studies. Figure 1 shows that the whole-blood K levels were subject to 
less drastic fluctuations than the levels of the other constituents studied. At 10 
days prepartum, all groups had nearly the same level of blood K. Between 5 
days prepartum and the day of parturition, blood K showed a general, if not 
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Fig. 1. Blood and urinary levels of Na, K and chlorides for dairy cows at the time of 
parturition. 


very marked increase. The most noticeable postpartal change in blood K was in 
the milk-fever group, in which the levels dropped markedly between 3 and 9 to 12 
days postpartum. 
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In all four groups of cows, the level of blood Na decreased near the time of 
parturition. In the mature Jersey cows calving normally, average blood Na 
levels increased on the day of calving and decreased in the days following. The 
average blood Na levels for the milk-fever cows were the lowest on the days pre- 
ceding parturition, while the Na values for the other two groups were lowest on 
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Fie. 2. Intake and excretion of Ca, Na and K for dairy cows at the time of parturition. 


the day of calving. The postpartal picture for blood Na in the various groups 
was very erratic, and, because of the limited amount of data, it is difficult to 
describe any trend. 

There was a general trend toward higher levels of blood-serum chlorides near 
the day of parturition. With the exception of the cows developing milk fever, 
blood chloride levels dropped sharply to levels lower than those found prepartum. 
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Blood chloride levels in the milk-fever cows increased immediately following par- 
turition and were later maintained at levels similar to those found prepartum. 

Urinary excretion. The urinary excretion of all constituents decreased at 
the time of parturition, but the prepartal picture for all groups did not follow 
exactly the same pattern. The decreased excretion of minerals in the urine at 
this time can not be explained by a decreased volume of urine, since in most cases 
an increased volume of urine was voided. In some cases an abnormally large 
amount of very dilute urine was excreted following parturition. The volume of 
urine excreted on the day of calving ranged from 3.8 to 22.5 1. The normal 
urine volume was closely related to the body weight of the cow. K accounts for 
most of the cation excreted in the urine. The most precipitous drop in the ex- 
eretion of K occurred in the case of the cows which developed milk fever. In 
this group the decline as parturition approached was gradual until 2 days pre- 
partum, at which time there was a great drop in K until the day of parturition. 
There also was a sharp decline in K excretion in the mature Guernseys and Hol- 
steins, but in this group the decline started at 18 days prepartum and continued 
until the day of parturition. The prepartal decline in urinary K excretion was 
quite gradual in the mature Jerseys. The first-calf Jerseys were the only group 
in which marked changes in urinary K excretion did not occur during the period 
studied. This group did not vary markedly from 120 g. urinary K per day dur- 
ing the entire course of the study. 

The postpartal K excretion was similar in all groups except the mature Guern- 
seys and Holsteins. This group showed a tremendous increase in urinary K ex- 
cretion between the day of parturition and 3 days postpartum (from 80 g. to 
180 g. daily). K excretion had declined again by days 4 and 5 postpartum and 
increased from this time to 9 to 12 days postpartum, at which time excretion of 
this constituent leveled off at about 170 g. per day. 

The urinary excretion of Na and chloride salts was not of the magnitude of K 
excretion. Urinary Na excretion followed much the same pattern in all groups 
prepartum. Also it was nearly the same postpartum, except in the group which 
developed milk fever. In this group, the Na excretion increased considerably 
between 9 and 12 days postpartum, while all other groups were excreting nearly 
the same amounts of urinary Na as they had prepartum. 

Urinary chloride excretion decreased in all groups as parturition approached. 
This decline was gradual in the milk-fever and mature Guernseys and Holstein 
group, but quite abrupt in the first-calf Jerseys and mature Jerseys. In the 
latter two groups, the urinary chloride excretion was more than double the ex- 
cretion of chloride in the milk-fever cows or the mature Guernseys and Holsteins 
between 5 and 2 days prepartum. 

The postpartal urinary excretion of chlorides followed much the same pattern 
in all groups, until 9 to 12 days postpartum. From this point on, the cows 
which had had milk fever increased much more rapidly in chloride excretion, 
until 29 to 34 days postpartum, than did cows in the other groups. 

Mineral balance picture. This study furnished some of the most interesting 
information gathered during the course of the experiment. Figure 2 presents 
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graphically the intake and excretion of K, Na and Ca by the four groups of cows. 
Similar data for chlorides are not included, because complete data were available 
on only a few of the cows. 

The K balance prepartum was definitely positive in the case of the first-calf 
Jerseys, borderline in the case of the mature Jerseys calving normally and the 
mature Guernseys and Holsteins and consistently negative for the milk-fever cows. 
The postpartal picture showed a definite positive balance in the mature Jerseys 
ealving normally and the first-calf Jerseys, a slight negative balance in the ma- 
ture Guernseys and Holsteins, and a definite negative balance in the cows which 
were afflicted with parturient paresis. 

Na intake and excretion were about equal except for the cows which developed 
milk fever, in which case a negative Na balance occurred following calving. To 
a lesser degree, the mature Guernseys and Holsteins were in negative balance 
during the same period. Both the intake and excretion of Na were quite low 
compared with the other constituents studied. 

The Ca balance picture prepartum was equally interesting and very similar 
to the K balances. As was the case with K, Ca balances were definitely and con- 
sistently positive in the first-calf Jerseys, borderline in the mature Jerseys calv- 
ing normally and the mature Guernseys and Holsteins, and definitely negative 
from 17 to 11 days prepartum on to parturition in the cows which developed 
milk fever. All cows were in a negative Ca balance following parturition, but 
this was most pronounced in the milk-fever group. 


DISCUSSION 

Definite conclusions should be avoided in a study with such a small number 
of animals in the four groups. As indicated previously, in some cases the pre- 
partal information was meager. Only three parturitions involving milk fever 
were studied, and two of these cases were in the same cow. In interpreting the 
data from milk-fever cows, it must be remembered that the treatment with Ca 
gluconate undoubtedly altered the postpartal data, at least for the first 4 days 
postpartum. 

Blood levels and urinary excretion of Na and K, particularly the latter, are 
valuable indices of adrenal dysfunction in man and laboratory animals. An in- 
ereased Na and decreased K excretion generally indicates decreased adrenal ac- 
tivity. The drastic physiological and endocrinological changes which occur at 
parturition could be expected to alter adrenal efficiency. However, the data 
presented will not support such a hypothesis, for both Na and K excretion de- 
ereased in the days near parturition. If changes in excretion of these cations 
indicative of adrenal inefficiency occur, the changes must be more transitory than 
could be detected by the experimental procedure followed in this study. 

An increased K and decreased Na level of the blood is a less accurate indica- 
tion of adrenal insufficiency. Figure 1 shows a decreased blood Na level at or 
near calving for all groups, while blood K levels increase slightly except in the 
case of the mature Guernseys and Holsteins. This trend is somewhat more 
marked in the case of cows which developed milk fever. However, the trends are 
neither definite enough nor involve enough cows to warrant further assumptions. 


i 
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Greater differences between groups are apparent in mineral balances pre- 
sented in figure 2. By far the most interesting and probably the most significant 
is the difference in Ca balance prepartum. The cows which ultimately came 
down with milk fever had a severe negative Ca balance for about 15 days pre- 
partum, while the others maintained their Ca reserves, and the primiparous Jer- 
seys appeared to be storing Ca. All cows were in a negative balance following 
parturition, as has been shown to be the case for all cows studied (2). 

The prepartal differences are important, for it is here that changes would be 
expected to occur which predispose some cows to attacks of parturient paresis. 
The strongly positive Ca balance for primiparous Jerseys is of great interest, be- 
cause there never has been a documented report of a cow developing parturient 
paresis at the time of the first parturition. 

If this is a true picture of the prepartal Ca metabolism of cows, it may well be 
an important factor in the etiology of parturient paresis. The consistent nega- 
tive Ca balance would result in a depletion of the body reserves. The loss of Ca 
in the milk following calving, even though the absolute loss were no greater than 
in normal cows, would represent a proportionately greater loss of the body re- 
serves at the time of calving. It may be that milk-fever attacks are preceded by 
a period of defective Ca absorption from the gut, or on the other hand it may be 
the result of excessive Ca excretion into the intestine. The beneficial results ob- 
tained with large doses of vitamin D by Hibbs and Pounden (5) might be ex- 
plained by this phenomenon, for the principal action of vitamin D is to promote 
absorption or retention of Ca. 

No explanation occurs to the authors to account for the severe negative K 
balance found in the case of the cows which developed milk fever. 

Na intake and excretion were about equal, except for the milk-fever groups in 
the period following parturition, when excretion was considerably higher than 
the intake. 


SUMMARY 


Data are presented for average blood and urinary levels of Na, K and chloride 
on 16 parturitions in dairy cattle over a period from 30 days prepartum to 30 
days postpartum. Parturitions were studied in mature Jerseys cows, some of 
which developed milk fever, in primiparous Jerseys and in mature Guernseys and 
Holsteins, none of which developed milk fever. The total intake and excretion 
during this period of Na, K and Ca also is presented for the same animals. 

Blood chloride levels were lower, particularly in the period between 5 and 30 
days prepartum, in the milk-fever group than in any other group. Postpartal 
blood chloride levels were as high as prepartal levels only in the milk fever group. 

Urinary K excretion in the milk-fever group decreased markedly between 2 
days prepartum and the day of parturition. This abrupt decrease in K excretion 
was not characteristic of any other group. 

Urinary chloride excretion decreased more rapidly (and from a higher level) 
between 5 and 2 days prepartum in the milk-fever group and in the mature Guern- 
seys and Holsteins than in the other groups. 
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The cows developing milk fever had a severe negative balance of Ca prior to 
parturition, while the normally calving cows were in positive Ca balance during 
this period. All cows were in negative Ca balance following parturition. 

Cows developing milk fever were in a severe negative K balance throughout 
the study, while the other groups were neariy in equilibrium. 
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THE USE OF METHOXYL GROUPS IN FORAGE AND FECAL 
MATERIALS AS AN INDEX OF THE FEEDING 
VALUE OF FORAGES' 


C. R. RICHARDS? anp J. T. REID 
Department of Animal Husbandry, Cornell University, Ithaca, N. Y. 


Lignin has been used as an indicator of the digestibility and feeding value of 
forages by many investigators. At the present time the most reliable method of 
analysis for lignin appears to be the 72 per cent H.SO, method proposed by Ellis 
et al. (5). This method has been developed to isolate an indigestible residue 
rather than to determine a definite chemical compound. 

The application of all methods which have been proposed for the measure- 
ment of lignin is laborious. Most procedures require many different treatments 
to remove interfering substances such as sugars and proteins, temperature control 
is needed for the enzymatic and acid digestions and the results are not easily 
reproduced. 

The methoxy] content of lignin and the percentage of the total methoxyl in 
the plant increase with advancing age of the plant (9,10). The determination 
of the methoxy] content of plants by the Zeisel method, as outlined by the U. 8. 
Forest Products Laboratory (2), is executed more quickly and easily than the 
determination of lignin. Since methoxyl appears to be closely associated with 
lignin and with changes in the plant associated with advancing age, it was indi- 
cated that, should methoxyl be related to the composition and digestibility of 
plants, it might provide an index of the feeding value of forage materials which 
is as reliable as that provided by lignin. 

For these reasons this study was made to investigate the feasibility of using 
the methoxyl content of forages and/or feces as an index of the digestibility and 
feeding value of forages. 


EXPERIMENTAL PROCEDURE 


Pasture forage (predominantly timothy) was studied in hand-feeding and 
grazing trials during the vegetative, boot-to-early head and full-bloom stages of 
growth. One group of steers was fed definite quantities of freshly clipped forage, 
while the other group grazed forage of the same source. The feces of both groups 
were collected quantitatively in fecal collection bags. 

Methoxyl was determined by a modification of the Zeisel method, as outlined 
by the U. S. Forest Products Laboratory (2). The method proposed by Ellis 
et al. (5) and modified by Thacker (13) was employed for the measurement of 
lignin. The proximate constituents were determined by the methods suggested 
by the Association of Official Agricultural Chemists (1). 
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The digestibility of the hand-fed forage was determined in conventional diges- 
tion trials, while that of forage selected by the grazing steers was determined ae- 
cording to the method proposed by Reid et al. (11). The relationships of the 
methoxy] levels of forages and of feces to the quantities and digestibility of the 
proximate constituents were examined. Particular attention was given to the 
relationship between fecal methoxyl and the digestibility of forage dry matter. 


RESULTS AND DISCUSSION 
The composition of the herbage hand-fed to steers during these trials is shown 
in table 1. The content of methoxyl and of lignin increased progressively with 


TABLE 1 


Mean composition and digestibility of forages fed (dry basis) 


Nitro- Digestible 
Growth ve Crude Crude 8°" a dry matter 
stage Methoxyl Lignin Ash protein fiber — al 
tract Hand-fed Grazed 
(%) (%) (%) (%) (%) (%) (%) (%) (%) 
Vegetative ...... 1.58 5.8 7.5 16.1 38.1 33.5 4.8 72.9 + 0.298 77.6 + 0.47 
Boot-to- 
early-head.. 1.75 6.7 6.9 12.0 38.3 38.5 4.3 66.3+0.78 69.4+1.39 
Full-bloom .. 2.10 8.6 5.4 10.4 33.0 47.9 3.3 58.0+1.67 58.2+0.50 


a Standard error of the mean. 


advancing maturity of the forage. Methoxyl is believed to be contained largely 
in the lignin fraction which, in turn, constitutes a portion of the crude fiber and 
nitrogen-free extract fractions. Since the results of most studies have shown 
that the crude fiber content of forages increases with advancing stage of growth, 
the crude fiber values obtained in this study must be regarded with caution 
Even though these values may be in error because of analytical difficulties, never- 
theless, they suggest the inadequacy of crude fiber as an index of the feeding 
value of forages, as has been reported by many workers (3, 4, 6, 11). 

The mean composition of the feces of steers hand-fed and grazing herbage of 
the same source is summarized in table 2. These data show that the fecal con- 
centrations of crude protein and ether extract decreased, while that of methoxyl 
increased with advancing age of the plant consumed. Since the level of lignin 
was higher in the feces of steers fed the most immature forage than in that of 
steers receiving the more mature forages, it seems possible that a given quantity 
of lignin may depress the digestibility of other plant constituents to a greater 
extent in more mature plants than it does in immature ones. If this is true, the 
nature of the lignin present may influence digestibility to a greater extent than 
the amount of lignin per se. Zherebov (15), Phillips and Goss (9) and others 
have reported that the methoxyl content of lignin increases with advancing ma- 
turity. The addition of methoxyl groups to lignin may change its nature so that 
it has a greater depressing action on digestibility. It is recognized that other 
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chemical and structural changes in lignin associated with the age of the plant 
may be involved in lignin’s influence upon the feeding value of plant materials. 


TABLE 2 
Mean composition of feces (dry basis) 


Nitrogen- 
Crude Crude Ether 
Lignin Ash protein fiber extract 
(%) (%) (%) (%) (%) (%) (%) 


Hand-fed steers 
Vegetative stage 
2.59+0.024 23.9+0.78 11.3 + 0.36 15.7 + 0.21 38.4 + 0.89 26.3 + 0.34 8.2 + 0.21 
Boot-to-early-head stage 
2.91+0.03  20.8+0.27 8.3 + 0.26 12.1+ 0.35 30.3 + 0.10 43.5 + 0.65 5.7 + 0.24 


Full-bloom stage 
3.43+0.04 22.3+0.27 6.8 + 0.24 9.8+0.18 32.7 + 0.98 45.2 + 0.36 5.5 + 0.25 


Grazing steers 
Vegetative stage 
2.29+0.09 21.3+0.74 11.2 + 0.35 17.3 + 0.70 30.6 + 3.42 31.2 + 3.70 9.6 + 0.59 
Boot-to-early-head stage 
2.77+0.12 21.3+1.37 9.7 + 0.44 13.6 + 0.38 31.7 + 2.79 38.4 + 3.70 6.6 + 0.27 
Full-bloom stage 
3.28+0.11 21.8+0.46 7.9 + 1.26 10.7 + 0.78 30.7 + 1.42 44.4+1.47 6.3 + 0.84 


a Standard error of the mean. 


The mean apparent digestibility of various constituents of the hand-fed herb- 
age is shown in table 3. The coefficients for methoxyl, crude protein and nitrogen- 
free extract decreased successively with approaching maturity of the herbage. 
The negative coefficients shown for lignin merely mean that under the conditions 
of this experiment the recovery of the consumed lignin from the feces was greater 
than 100 per cent. If it is assumed that lignin is completely indigestible, either 
the lignin values obtained for the forages were too low or those determined for 
the feces were too high. Since good agreement with other laboratories was ob- 


TABLE 3 
Digestibility of some constituents of hand-fed forage at three stages of plant growth 


Nitrogen- 
Methoxyl Lignin Crade Crade free _— 
protein fiber extract 
(%) (%) (%) (%) (%) (%) 
Vegetative stage 
55.2 + 0.554 — 14.1+ 4.23 73.7 + 0.28 72.8 + 0.56 78.7 + 0.35 53.6 + 1.71 
Boot-to-early-head stage 
43.5 + 0.78 - 8.2+2.21 66.1+ 0.91 73.5 + 0.76 61.6 + 1.25 56.1 + 0.47 
Full-bloom stage 
31.4+3.41 — 9.3 +3.08 60.8 + 1.00 58.3 + 2.67 60.5 + 1.44 30.3 + 2.02 


a Standard error of the mean. 
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tained with forage check samples from Ellis’ laboratory (5), it is considered more 
likely that the error is in the analysis of the feces. It follows that possibly some 
interfering substance in the feces was included in the ‘‘lignin’’ residue which 
either was not included or was included to a smaller extent in the lignin residue 
isolated from the forages. 

In order to examine the relationships of various constituents to each other 
and to the dry matter digestibility of the forages, correlation coefficients were 
determined (12) for both the forage and fecal constituents. These are shown in 
tables 4 and 5, respectively. The data in table 4 indicate that as the level of both 


TABLE 4 


Correlation coefficients of the amounts of constituents of pasture grass with each other and with 
the amount of digestible dry matter 


Nitrogen- 

er Crude Crude Ether Digestible 

Lignin protein fiber Pon al extract dry matter 
A — 0.901 — 0.936 1.000 — 1.000 — 0.991 
Lignin — 0.893 — 0.942 0.999 — 1.000 - 0.989 
Crude protein 0.691 0.910 0.893 0.950 
Crude fiber .................... st — 0.928 0.943 0.882 
Nitrogen-free extract ......... — 0.999 — 0.994 
extract: 0.989 


Level of significance with 3 observations, 5% =0.997, 1% = 1.000. 


TABLE 5 


Correlation coefficients of the amounts of feed constituents with each other and with amount of 
digestible dry matter in the forage 


Nitrogen- 
Crude Crude Ether Digestible 
Lignin protein fiber fend extract dry matter 
— 0.338 — 0.953 — 0.547 0.826 — 0.785 — 0.974 
Lignin 0.552 — 0.714 — 0.707 0.788 0.425 
Crude protean secession 0.710 — 0.941 0.920 0.962 
Grade Bier... — 0.899 0.800 0.561 
Nitrogen-free extract ........ — 0.959 — 0.844 
Ether extract 0.850 


Level of significance with 9 observations, 5% = 0.666, 1% = 0.798. 


lignin and methoxyl increased in the hand-fed forage, the crude protein and 
ether extract contents and the dry matter digestibility decreased. 

In a consideration of fecal constituents (table 5) it was found that the lignin 
level was inversely related to the crude fiber and nitrogen-free extract contents, 
but was not correlated significantly with the crude protein content of the feces 
or with the forage dry matter digestibility. However, a high negative correla- 
tion of the methoxyl content of the feces with the level of crude protein in the 
feces and with the dry matter digestibility of the hand-fed forage was found. 
The methoxyl and nitrogen-free extract contents of the feces were correlated 
positively. 

Because of the high positive correlation between the crude protein content of 
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the feces and the digestibility of the dry matter (0.962) and the high negative 
correlation between the methoxyl content of the feces and dry matter digestibility 
(— 0.974), a multiple regression (12) was calculated of the digestible dry matter 
on the methoxyl (X,) and the crude protein (X.) contents of the feces. The 
multiple correlation coefficient was 0.980 and the multiple regression equation 
was Y = 87.82 — (11.32 X,-—0.926 X.). Further investigations of this relation- 
ship may show that the digestibility of forage material may be predicted with 
some degree of accuracy by a combination of methoxyl and crude protein deter- 
minations on fecal material. 

The variable selectivity of grazing animals makes it difficult if not impossible 
to evaluate pastures directly. That the value of pasture herbage selected by 
grazing animals is different from that of the whole, clipped plant is suggested by 
the differences in the digestibility of dry matter shown in table 1. Further dif- 
ferences in the composition of the whole, clipped herbage and that selected by the 
grazing animals are suggested by the data on fecal composition shown in table 2. 
Consequently, it is clear that the information obtained on pasture forage in a 
hand-feeding trial is not applicable to the same forage selectively grazed. It is 
obvious also that forage samples taken manually are likely to be of a composition 
different from that selected by grazing animals. 

It is possible that some constituent may be excreted in the feces in a manner 
related quantitatively to the digestibility or to some other criterion of the feeding 
value of forages. Such a relationship would obviate the difficulties introduced 
by selective grazing and by manual sampling of forage. An attempt to circum- 
vent these problems using plant pigments absorbing light at 406 mp has been 
reported (11). Observations of the data of Forbes and Garrigus (6, 7) and of 
others suggest that the level of lignin in the feces also might be employed in a 
similar manner to avoid the errors resulting from selective grazing when the 
usual lignin-ratio technique is employed, although, apparently because of diffi- 
culties in the analysis of feces for lignin, our data did not show a satisfactory 
relationship. 

Since methoxyl constitutes a portion of the lignin complex, an examination 
was made of the relationship (fig. 1) between the level of methoxyl in the feces 
and the digestibility of the forage dry matter. The relationship obtained as a 
result of hand-feeding and grazing trials is expressed by the equation Y = 117.89 - 
17.62X, where Y = per cent of digestibility of forage dry matter and X = per cent 
of methoxyl in feces (dry basis). The standard error of estimate of the digesti- 
bility of the consumed forage was 1.80 per cent. The digestibility of the forage 
consumed by grazing steers was determined by the fecal-chromogen method (11), 
while the digestibility of the whole, clipped forages was determined in conven- 
tional digestion trials. It is interesting that this relationship for grazed forage 
agreed well with that for the whole, clipped forage. Although these data are 
not sufficient to evaluate the accuracy with which digestibility may be predicted 
from the fecal methoxy] level, they do suggest that this relationship is promising 
particularly in the study of forage under conditions of grazing. 

Should further study show that the relationships described in this report exist 


600 C. R. RICHARDS AND J. T. REID 


for other kinds of forage, methoxyl may become at least as reliable an index of 
.the feeding values of forages as lignin. The use of methoxyl has a further advan- 
tage in that it is relatively easily measured. 

It would be more desirable, however, if a greater change in the methoxyl con- 
tent of feces per unit change of forage digestibility occurred. Further limita- 
tions to the use of methoxyl groups as an index are associated with the method 
employed to measure these groups. Occasionally the end point of the titrimetric 
analysis is obscure and the method does not discern between the methyl groups of 
lignin and those of other substances or between ethoxyl and methoxyl groups. 
However, the ethoxy] content of forages is relatively small as compared to the 
amount of methoxyl. Attention is being given to these limitations at the present 
time. 


—— Data derived from hand-feeding} 
trials. Y=!18.15-17.61 X 
t=-0.974+0.019 


——-—- Data derived from hand-feeding 
and grazing trials. 


Y=117.89-17.62 X 
t=-0.972+0.014 
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Fie. 1. Relationship of methoxy] level of feces to forage digestibility. 


In these studies it was found that a considerable portion of the methoxy] con- 
sumed disappeared from the plant material as it passed through the digestive 
tract of steers. Perhaps most of the apparently digested methoxyl was asso- 
ciated with substances other than lignin, although some of it may have been split 
off the lignin complex. The recent report of Forbes and Garrigus (7) showing 
that the proportion of lignin consisting of methoxy] is the same in forage as in 
feces supports this viewpoint. It generally is believed that most of the methoxyl 
groups present in plant materials are associated with lignin (9, 10). The high 
positive correlations obtained between the lignin and methoxyl contents of the 
forages used in this study tend to support this viewpoint. As the plant becomes 
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more mature, a greater proportion of lignin consists of methoxyl (9, 10). The 
decreasing digestibility of methoxyl with approaching maturity of the plant ob- 
served in this study may mean that more methoxyl is associated with the indi- 
gestible lignin in more mature forages. 


SUMMARY 


The relationship of the methoxy] content of forage and of feces to the digesti- 
bility and to the content of crude protein, crude fiber, ether extract and nitrogen- 
free extract has been studied at three different growth stages of pasture herbage. 
The relationship of the lignin to the methoxyl content and to the contents of the 
proximate constituents of the plant also have been studied. 

The digestibility of forage dry matter was correlated negatively with the 
amount of lignin (— 0.989) and of methoxyl (— 0.991) in the forage consumed. 
A highly significant negative correlation (— 0.974) also existed between the 
methoxyl content of the feces and the digestible dry matter content of the 
forage. The correlation (0.425) between the lignin content of the feces and 
amount of digestible dry matter in the forage consumed was not significant. 

The crude protein content of the feces also was correlated very highly with 
the digestible dry matter content of the forage (0.962). 

This study indicates that the methoxy] content of forages and/or feces may 
prove, with further study, to be equal or superior to the lignin content as an 
index of the digestibility of forages. If this should prove to be valid for all 
forages, the analytical task would be simplified because the procedure for the 
determination of methoxyl is simpler than that for lignin. In addition, when 
methoxy! is determined, a distinct chemical radical is measured. This is not 
true in the determination of lignin by present methods. 
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BOVINE PROTEIN-BOUND SERUM IODINE AND ITS RELATION TO 
AGE AND BREED 


J. F. LONG, L. O. GILMORE, G. M. CURTIS anp D. C. RIFE 


Departments of Dairy Science, Surgical Research and Institute of Genetics, 
The Ohio State University, Columbus 


With the recent high level of interest in the feeding of iodinated protein to 
dairy cattle, the conclusion has been reached that increased response in milk pro- 
duction is obtained, at least temporarily with some cows, while others do not re- 
spond. The review by Blaxter et al. (3) covers the voluminous literature up to 
1949 in a critical manner. Since that date, work substantiating this conclusion 
has been reported by Reece (8) and Thomas et al. (9). Blaxter (2) reported a 
breed difference to exist in the response to iodinated casein feeding among British 
cattle when fed a standard amount per individual. Some of this difference was 
aseribed to variation in body weight. The feasibility of indiscriminately feeding 
iodinated protein when the response is unpredictable has been questioned (5, 6). 
Measuring the thyroid activity to increase the predictability of a given response 
appears not to have been tried. 

A number of tests have been devised for the purpose of measuring thyroid 
activity. One, which is coming into common use in the field of human medicine, 
is the protein-bound iodine test (PBI). This test measures the level of iodinated 
protein in the serum, which under normal conditions of diet is made up prin- 
cipally of the thyroid hormone together with its related substances (7). 

There are some very definite advantages of the protein-bound serum iodine 
test over the basal metabolism test in studies of thyroid activity. The basal 
metabolism test measures the oxygen consumption of the body, which is the end 
result of all the oxidative processes of the body. This rate of oxygen consump- 
tion may or may not be related to the transport, utilization and breakdown of the 
thyroid hormone. According to Rapport et al. (7), the oxygen consumption of 
the body may be influenced by such diverse non-thyroid hypermetabolie states as 
essential hypertension, cardiac failure, carcinoma, leukemia and other blood dys- 
crasias, osteitis deformans, certain infectious diseases and psychic disturbances; 
or by hypometabolic states such as Addison’s disease, Simmonds’ disease, or other 
pituitary dysfunctions and anorexia nervosa. With domestic animals, the increased 
oxygen consumption due to psychic disturbances while making a basal metabolism 
determination, or the necessity of using only well trained animals, poses a real 
difficulty in collecting data on large numbers of animals. Added to this problem 
is the rarity of finding lactating ruminants in a post absorptive state. This diffi- 
culty is eliminated by the use of the protein-bound serum iodine test. 

In initiating a study of thyroid activity in cattle, it was decided first to de- 
termine the normal range of protein-bound serum iodine in cattle under known 
environment and ascertain the extent to which certain factors influence its level 
in the serum. The effect of age and breed will be considered in this paper. 
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EXPERIMENTAL PROCEDURE 


The animals used in the experiment were from the Ohio State University Dairy 
and Beef Herd and the Veterinary Clinic. The environment of the dairy cows 
was similar throughout the herd. They were kept together as a group in the 
same pasture, lots and barn. The feed for the animals came from the same 
sources. All animals had access to iodized salt in the block form while on pas- 
ture and had it mixed in with their feed while in the barn. 

The environment of the beef cattle may have differed from that of the dairy 
cattle in that they were kept in separate pastures, lots and barns and were under 
separate management. 

The blood samples were drawn during the period from October, 1950, to 
March, 1951. Ten to 20 ml. of blood were required for an analysis. An average 
of ten samples was drawn and analyzed each week. 

The samples were analyzed in the lodine Laboratory of the Department of Sur- 
gical Research, according to the method developed by Conner et al. (4). The 
method consists of the precipitation of the protein of the serum (including the 
protein-bound iodine) by addition of solutions of ZnSO, and NaOH. The mate- 
rial then is centrifuged. The supernatant fluid (containing the soluble inorganic 
iodine) is decanted off, thus effecting a separation of inorganic iodine from pro- 
tein-bound iodine. The precipitated protein material (with the PBI) is oxi- 
dized with sulfuric and chromic acids, followed by two boiling washings with dis- 
tilled water. A reducing agent (phophorus acid) then is added to the oxidized 
material and the released iodine is distilled into a solution of KOH. Measured 
quantities of arsenious acid, HC] and ceric sulfate then are added to the distillate 
imparting to it a deep yellow color. The rate at which this solution decolorizes 
(as measured by an Evelyn photoelectric colorimeter) indicates the quantity of 
iodine present. Since the rate of the decolorization is directly proportional, 
within limits, to the quantity of iodine present, the comparison of the amount of 
decolorization in a given period of time of an unknown quantity of iodine with 
the decolorization produced by known quantities of iodine indicates the quantity 
present. Recovery experiments using beef serum plus 10 per cent whole blood 
show about 100 + 5 per cent recovery, with an error of over 10 per cent being in- 
frequent (3). The results of the analysis were recorded in terms of micrograms 
of iodine per 100 ml. of serum. 


RESULTS AND DISCUSSION 


In regard to the influence of age, it was noticed early in the experiment that 
calves were higher in PBI than mature cows. When the PBI values were plotted 
against age, a definite trend was noticed, as shown in figure 1. This decline of 
PBI with age in cattle compares somewhat favorably with the decline in basal 
metabolic rate with age which has been noticed in humans (1). 

Upon analysis of the data by breed, definite differences were found to be 
present (table 1). An analysis of variance showed either significant or highly 
significant differences to exist between certain of the breeds. The Jersey breed, 
for example, differed significantly from the Guernsey, Brown Swiss and Ayrshire 
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breeds and highly significantly from Holsteins and the combined beef breeds. 
Jerseys averaged the highest, followed by Guernsey, Brown Swiss, Ayrshire, 
Holstein and beef breeds. 

The effect of age on the PBI does not explain the breed differences. In fig. 1, 
the Jersey values, in general, are seen to be above the mean, while the Holstein 
values were below the mean for almost any age group. A correction factor for 
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Fig. 1. Change in protein-bound iodine values with age. 


TABLE 1 
The significance of breed as related to the protein-bound serum iodine in the bovine female 


Breeds with significantly 


Std. smaller means@ 


Breed No. PBI dev Range 
5% level 1% level 
(y %) 
17 4,11» 1.21 2.6-7.5 G., B.S., A H., Beef 
Guernsey, ........... 18 3.51 1.19 2.1-6.3 H. Beef 
Brown Swiss .. ss 21 3.37 0.96 1.4-5.0 H. Beef 
Ayrshire ...... 20 3.19 1.05 1.4-5.7 Beef 
Holstein-F. 20 2.73 0.55 1.8-+4.0 
Beef breeds .................... 20 2.19 0.58 1.3-4.7 


a Grateful acknowledgment is made to D. R. Whitney, Statistical lab., Ohio State Univ., for 
test of significance. 

> Values are for individual cows; where more than 1 sample/eow was analyzed, the values 
were averaged. 

¢ Hereford-7, Angus-7 and Shorthorn-6. 


age was calculated from the mean shown on the graph. This then was applied to 
the PBI values for the cattle (table 2). Correcting for age produced no change 
in rank of the breeds in this particular case, since the animals of different breeds 
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TABLE 2 
Breed PBI’s not cor- PBL’s cor- 
7 rected for age rected for age® 
(y %) (y %) 
Jersey 4.11 4.19 
Guernsey 3.51 3.42 
Brown Swiss 3.37 3.24 
Ayrshire 3.19 2.95 
Holstein 2.73 2.90 


« Beef values could not be corrected accurately since their ages in many cases were known 
only in terms of years. However, since their average age was about 3 yr. and the cows were 
corrected for age to a 3- to 3.5-yr. basis, they were considered to be roughly comparable. 


were of the same relative age groups. The range in uncorrected individual values 
for the entire group tested was from 1.3 to 8.6 y per cent. 


SUMMARY AND CONCLUSIONS 


Protein-bound serum iodine (PBI) determinations were performed on 116 
dairy and beef cattle of the Ohio State University Herd and Veterinary Clinic. 

It was found that the age of the animal has a pronounced influence on PBL. 
The younger the animal, in general, the higher the PBI. 

The breed differences found show that the PBI value is affected by the geno- 
type of the cattle. Significant and highly significant differences were found to 
exist between certain of the breeds. There were too few grade cattle included to 
allow for an interpretation of their probable genotypes. With the cattle studied, 
the breeds ranked from high to low as follows with regard to their average PBI: 
Jersey, Guernsey, Brown Swiss, Ayrshire, Holstein and beef breeds. 

The large difference between the beef and dairy breeds is not attributed en- 
tirely to inheritance, since the possibility of all sizable environmental differences 
has not been ruled out. 
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BLOOD LEVELS OF ASCORBIC ACID AND VITAMIN A DURING VITA- 
MIN A DEPLETION AND EFFECT OF ADMINISTRATION OF 
ASCORBIC ACID DURING TERMINAL VITAMIN A 
DEPLETION IN THE DAIRY COW’ 


H. D. EATON, C. F. HELMBOLDT, J. E. AVAMPATO, E. L. JUNGHERR anp K. L. DOLGE 
Animal Industries and Animal Diseases Departments, Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs 
AND 
L. A. MOORE 
Bureau of Dairy Industry, Agricultural Research Administration, U.S.D.A., Washington, D. C. 


Decreases in blood plasma levels as well as lowered urinary excretion of as- 
corbic acid have been reported to accompany vitamin A depletion (1, 11, 12, 13). 
Although a relationship between the blood levels of ascorbic acid and spinal fluid 
pressure in the calf was postulated (1), later work (11, 13) showed such a rela- 
tionship to be non-existent. 

Work with laboratory animals, primarily the rat, on unrestricted feeding has 
indicated a decrease in ascorbic acid concentration of various tissues in severe 
vitamin A depletion (9, 10). However, using restricted feeding, Mapson and 
Walker (9) were unable to demonstrate a specific relationship between the ability 
to synthesize ascorbic acid and the vitamin A status of the rat. 

Boyer et al. (1) reported a correlation between plasma levels of ascorbic acid 
and vitamin A, but since feed refusals by the dairy calf, when fed a controlled 
intake of a vitamin A depletion ration, have been found to oceur only when the 
blood plasma level of vitamin A had decreased to less than 4.0y per cent (3), 
this correlation may not have been due to vitamin A per se but to plane of nutri- 
tion and/or anorexia. Further, with the establishment of the sensitivity of the 
bovine parotid gland to hypovitaminosis A, characterized by the developraent of 
squamous metaplasia (7), the need to use this histopathological change az a diag- 
nostic tool to re-examine the possible role of ascorbic acid in vitamin A depletion 
was apparent. 

The purpose of this study was to determine the effects of controlled feeding 
of a vitamin A-free ration on blood levels of ascorbic acid and the relationship of 
ascorbic acid to vitamin A as demonstrated by the possible role of ascorbic acid in 
alleviating characteristic histological and clinical changes occurring during ter- 
minal vitamin A depletion. 


EXPERIMENTAL 


Animals. Eighteen male calves, nine Guernseys and nine Holsteins, 105 days 
of age, were placed on experiment during the month of January through May, 


Received for publication Feb. 26, 1952. 
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1951. They were stabled in individual tie-stalls where the temperature was 
maintained at a minimum of 10° C. All calves had been raised to 105 days of 
age on a limited-whole milk dry calf starter regime in which the only variable 
was the form of alfalfa hay fed (4). Each calf was fed a depletion ration, which 
was identical in content to that reported previously (3), according to the follow- 
ing formula: Y = 0.0561 W°-*? (where Y = the pounds of feed required daily and 
W =the weight of the calf in pounds). It was derived using Morrison’s mid- 
interval T.D.N. requirements for 300-lb. growing dairy cattle (15) and Brody’s 
calculation (2) of Morrison’s suggested weight relationship for the maintenance 
requirement of dairy cattle. The amounts of the depletion ration fed were ad- 
justed to the weight of the individual calves at successive 7-day intervals. 

When the blood plasma vitamin A level had decreased to less than 4.0y per 
cent for 2 consecutive wk., calves were considered depleted of their vitamin A 
stores (6). They then were subjected to one of three treatments: (a) Slaughter 
(control group) ; (b) subcutaneous injections of ascorbic acid? at the rate of 2 g. 
daily for 14 days, followed by slaughter; and (c) oral administration of vitamin 
A in the form of fish liver oil* at a daily rate of 200,000 U.S.P. units for 14 days, 
followed by slaughter. The assignment of calves to a particular treatment was 
done randomly with restriction as to breed. 

Observations and analyses. Daily feed intakes and refusals were weighed to 
the nearest 0.1 lb. On the 105th day and at 7-day intervals thereafter, liveweight 
was recorded and venous blood samples were drawn. After the blood samples 
were obtained, they were immediately chilled. An aliquot for whole blood as- 
corbie acid determination was removed and the remaining blood centrifuged. A 
measured aliquot of plasma for vitamin A determination was held at —18° C. for 
carotene and vitamin A analyses and a measured amount of the blood and plasma 
for ascorbic acid immediately deproteinized. The acid filtrate then was stored 
in the dark at 2° C. for subsequent analysis. 

Daily clinical observations were recorded. Spinal fluid pressures were de- 
termined at the start of the experiment, at 4-wk. intervals thereafter until the 
calf was depleted of its vitamin A stores and just prior to slaughter. At slaugh- 
ter, tissues were taken from the adrenal, colon, eye, heart, kidney, liver, lung, 
parotid, pituitary, small intestine, testes and thyroid for histopathological exam- 
ination and the liver for carotene and vitamin A analyses. Analytical, histo- 
logical and statistical procedures were similar to those previously reported (3). 
Both whole-blood and plasma ascorbic acid were determined by the method of Roe 
and Keuther (16). 


RESULTS AND DISCUSSION 


The results have been analyzed from three points of view: (a) During initial 
vitamin A depletion, that is until the blood plasma vitamin A level for each calf 


2 Crystalline U.S.P. ascorbie acid (Merck) dissolved in 30 ml. H,O containing 3.5 g. 
12 H,0. 

3 The fish liver oil contained 25% by weight of crude soybean lecithin and 27,000 U.S.P. 
units of vitamin A per g. It was generously supplied by the Nopeo Chemical Co., Harrison, 
N. J. 
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decreased to less than 4.0y per cent (fig. 1); (b) during terminal vitamin A de- 
pletion, that is for the 2 wk. immediately following the above (table 2) so as to 
establish quantitative data for subsequent assessment of the possible effects of the 
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Fig. 1. The effect of vitamin A depletion to blood plasma vitamin A levels of 4y% on 
regression of whole blood ascorbie acid and plasma ascorbic acid, carotene and vitamin A on 
age of Guernsey and Holstein calves. 


administered ascorbic acid; and (¢) treatment of terminal vitamin A depletion 
with subcutaneously administered ascorbic acid (tables 1 and 2). 

Feed consumed. During a 2-day period, two calves with diarrhea accom- 
panied by rectal temperatures above 103° F. did not entirely consume the ration 
allowed. Another calf which previously had demonstrated a dislike for grain 
did not consume the entire ration allowance until 120 days of age. All other 
calves readily consumed the depletion ration fed during the initial vitamin A- 
depletion period. 

During the terminal vitamin A-depletion period (table 1) three calves did not 
consume all feed allowed. Feed intake decreased progressively during the period 
of subcutaneous injections of ascorbie acid, whereas the oral administration of 
vitamin A resulted in complete consumption of feed allowed. These results dem- 
onstrated the inability of subeutaneous injections of ascorbic acid to alleviate 
the decrease in feed intake characteristic of terminal vitamin A depletion in the 
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TABLE 1 


Effect of vitamin A depletion on terminal values of feed consumed, liveweight, plasma vitamin A, 
whole blood and plasma ascorbic acid and spinal fluid pressure and of subsequent 
administration of ascorbic acid and vitamin A on these criteria 


Weeks before slaughter L.S.D.8 
Exptl. group between 
5 + 3 2 1 0 weeks 
Per cent of feed consumed 
Ascorbie acid .. 100.0 100.0 100.0 99.2 96.5 92.9 (93.5) *> 4.7 
Views +... 99.4 100.0 100.0 99.9 99.9 100.0 (100.0) 1.2 
L.S.D. between groups 1.9 0.0 0.5 2.9 10.0 3.7 
Log of liveweight (1b.) 
Aseorbie acid .. 2.48 2.50 2.52 2.52 2.53 2.54 (2.56) 0.11 
2.49 2.51 2.54 2.54 2.56 2.58 (2.57) 0.09 
L.S.D. between groups 0.09 0.09 0.08 0.09 0.11 0.10 


Plasma vitamin A (y%) 


Ascorbic 6.7 4.8 3.2 2.1 1.6 1,6. 0.7 
6.6 5.3 3.4 2.3 41.5 39.7 (40.0) 2.7 
L.S.D. between groups 1.6 0.9 0.8 0.5 4.3 2.1 
Whole blood aseorbie acid (mg. %) 

0.72 0.73 0.70 0.08 
Ascorbie acid . 0.59 0.62 0.58 0.52 0.95 0.88 (0.88) * 0.18 
Vitamin A ........... “a 0.68 0.67 0.64 0.56 0.69 0.63 (0.62) 0.10 
L.S.D. between groups 0.09 0.10 0.08 0.13 0.22 0.23 

Plasma ascorbic acid (mg. %) 
Ascorbie acid . 0.48 0.52 0.46 0.40 0.90 0.73 (0.75) * 0.17 
Vitamin A. .............. end 0.57 0.58 0.54 0.45 0.54 0.50 (0.48) 0.12 
L.S.D. between groups 0.11 0.12 0.13 0.14 0.23 0.21 

Spinal fluid pressure (mm. H,0) 
Aseorbie acid . 211 269 (271)* 86 
aoe 220 177 (175) 68 


L.S.D. between groups 90 89 


a Least significant difference between means at P < 0.05. 

> Values in parentheses are adjusted 0 day or wk. treatment means which were adjusted by 
covariance for the initial value at 2-wk. prior to slaughter before administration of either as- 
corbie acid or vitamin A. * indicates significance at P < 0.05 and ** at P < 0.01. 


young dairy calf and confirmed previous work (3) on the effect of vitamin A de- 
pletion on feed consumption. 

Liveweight. All calves made rapid gains in liveweight until the blood plasma 
level of vitamin A decreased to 4y per cent. During this period regression equa- 
tions of the square root of liveweight (y) on weeks of age (x) for Guernseys was 
Y = 7.0+0.4194x and for Holsteins Y = 8.3+0.4768x. The rate of increase in 
liveweight for Holstein calves was greater than for Guernsey calves. 

After the blood plasma level of vitamin A decreased to 4y per cent, there was 
a tendency for the growth rate to diminish (table 1). Oral administration of 
vitamin A resulted in a greater increase in liveweight than did subcutaneous in- 
jection of ascorbic acid. The difference was not statistically significant, however. 
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Blood levels of ascorbic acid and vitamin A. During the initial vitamin A- 
depletion period, ascorbic acid levels in whole blood and plasma (fig. 1) exhibited 
no significant change, while both plasma carotene and vitamin A decreased. The 
rates of change (linear regression coefficients) of whole blood and plasma ascorbic 
acid were — 0.0001 + 0.0021 and — 0.0015 + 0.028 mg. aseorbie acid per 7-day 
period, respectively. Rates of change of the log of plasma carotene concentra- 
tion were — 0.1326 + 0.0042 for Guernsey calves and — 0.1174 + 0.0112 for Hol- 


TABLE 2 


Effect of vitamin A depletion and of subsequent subcutaneous ascorbic acid and oral vitamin A 
administrations on liver storage of carotene and vitamin A and on parotid gland histology 


Exotl Liver Squamous metaplasia in the 
a Breed parotid gland inter-lobular 
? Weight Carotene Vitamin A duets and main duct 
(y/9-) 
Controls 

G 2,364 0.16 0.05 + 
G 2,379 0.64 0.06 - 
G 2,360 1.10 0.04 + 
H 2,222 0.18 0.18 + 
H 2,840 0.16 0.10 
H 2,700 0.24 0.02 

2,478 0.41 0.08 

Subeutaneous aseorbie acid» 

G 2,358 0.36 0.01 + 
G 2,452 0.30 0.02 + 
G 2,540 0.36 0.00 
H 2,700 0.20 0.06 + 
H 3,238 0.38 0.06 + 
H 3,460 0.20 0.03 

2,791 0.30 0.03 

Oral vitamin Ac 

G 1,945 0.04 56.04 - 
G 2,519 1.37 34.71 ¥ 
G 2,259 1.05 46.36 p 
H 2,714 1.90 25.12 - 
H 3,483 0.18 25.60 + 
H 3,506 0.60 21.50 ? 

Mean 2,738 0.86 34.89 


a Slaughtered after blood plasma vitamin A decreased to less than 4y% for 2 consecutive wk. 

> Slaughtered after blood plasma vitamin A decreased to less than 4y% for 2 consecutive wk. 
followed by daily subcutaneous injectiors of 2 g. of ascorbic acid for 14 d. 

¢ Slaughtered after blood plasma vitamin A decreased to less than 4y% for 2 consecutive wk. 
followed by daily oral administration of 200,000 U.S.P. units of vitamin A for 14 d. 


steins. Similar values for plasma vitamin A were — 2.3612 + 0.1132y per 7-day 
period for Guernseys and — 2.2978 + 0.1462 for Holsteins. 

Upon reaching 4y per cent, the plasma vitamin A level decreased at a slower 
rate than previously (table 1). Whole blood and plasma levels of ascorbic acid 
tended to decrease. The latter, prior to either ascorbic acid or vitamin A admin- 
istration, (see second week before slaughter, table 1) were in some instances sig- 
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nificantly lower than those observed earlier. Oral administration of vitamin A 
caused a marked elevation of this substance in the plasma which was accompanied 
by slight but not significant increases in concentration of ascorbic acid in the 
whole blood and plasma. Subcutaneous injections of ascorbic acid caused a no- 
ticeable increase in the ascorbic acid content of whole blood and plasma but were 
without effect on plasma vitamin A. 

It was apparent that in early A-hypovitaminosis uncomplicated by differences 
in feed intake, ascorbic acid concentration in whole blood and plasma was not 
affected. In terminal or severe vitamin A depletion, ascorbic acid concentration 
of the blood did decrease and the data were in agreement with the literature 
(1, 13). The influencing factor in the decrease in ascorbie acid concentration 
may be diminished feed intake rather than lack of vitamin A per se. This factor 
needs to be investigated in the calf by the excellent method that Mapson and 
Walker (9) used in the rat. 

Spinal fluid pressure and clinical observations. Since in this study spinal 
punctures were done at 4-wk. intervals, the data for spinal fluid pressure corre- 
sponding to plasma vitamin A concentrations between 10 and 4y per cent were 
incomplete. From the literature (11, 14) and from unpublished data (5), it is 
evident that spinal fluid pressures increase in rapidly growing male calves at 
blood plasma levels of vitamin A considerably greater than 4y per cent. 

At blood plasma levels of vitamin A of less than 4y per cent, spinal fluid 
pressures were above 200 mm. H.O (table 1). Oral administration of vitamin A 
caused a decrease in spinal fluid pressure. In contrast, subcutaneous adminis- 
tration of ascorbic acid had no effect and the levels increased as would be ex- 
pected in prolonged terminal vitamin A depletion. These data confirmed Moore’s 
work (13) on the lack of association between the ascorbic acid status and in- 
creased spinal fluid pressure of the calf. 

Clinical symptoms, with the exception of diarrhea accompanied by rectal tem- 
peratures above 103° F. in two calves, were not apparent until the blood plasma 
level of vitamin A decreased to 4y per cent. After this level was obtained, mus- 
cular incoordination in ten calves, diarrhea not accompanied by elevation in 
rectal temperature in six, exopthalmus in one and convulsions in one were ob- 
served. In those calves receiving subcutaneous injections of ascorbic acid, the 
degree of muscular incoordination and diarrhea became progressively greater. 
As expected, oral administration of vitamin A resulted in disappearance or 
alleviation of these symptoms. 

Slaughter data. Squamous metaplasia characteristic of terminal vitamin A 
depletion (7) was observed in the interlobular ducts and the main duct of the 
parotid gland (table 2) of five or six control calves and of all calves receiving 
subeutaneous injections of ascorbic acid. By contrast, of those calves receiving 
200,000 U.S.P. units of vitamin A daily for 14 days, only one showed squamous 
metaplasia, two showed no lesions and three showed a transitional type epi- 
thelium. This finding substantiated earlier data on the specificity of the parotid 
gland lesion for A-hypovitaminosis (3, 7) and demonstrated the reversibility of 
the lesion by vitamin A per se and the complete ineffectiveness of ascorbic acid 
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to reverse the lesion. Other tissues examined failed to reveal consistent histo- 
logical changes and therefore were considered not to be related to terminal vita- 
min A depletion. 

Liver stores of vitamin A were markedly increased by oral administration of 
this substance (table 2). As would be expected with equal dosages per calf with- 
out regard to body weight, Guernsey calves stored greater amounts of vitamin A 
after the 14-day administration than did Holstein calves. 


SUMMARY 


Eighteen calves, nine Guernseys and nine Holsteins, 105 days of age and pre- 
viously raised on a limited-whole milk and dry-calf starter system, were fed a 
vitamin A-depletion ration in amounts adjusted at 7-day intervals for liveweight. 

During initial vitamin A depletion, from 105 days of age until each calf’s 
blood plasma level of vitamin A decreased to less than 4.0y per cent, there was 
no significant decrease either in whole blood or plasma ascorbic acid levels. In 
contrast, both plasma carotene and vitamin A decreased in a relatively uniform 
manner. 

During terminal vitamin A depletion, after blood plasma levels of vitamin A 
of less than 4.0y were reached, there was a decrease in consumption of the feed 
allowed, accompanied by decreases in blood levels of ascorbic acid as well as 
initial appearance of clinical symptoms of vitamin A deficiency. In addition, 
spinal fluid pressures of greater than 200 mm. H.O were observed. 

Subsequent administration of ascorbic acid subcutaneously for a 14-day period 
did not alleviate the anorexia, the clinical symptoms of terminal vitamin A de- 
pletion or the increased spinal fluid pressure. In contrast, administration of 
vitamin A orally resulted in complete consumption of the feed allowed, signifi- 
eant decreases in spinal fluid pressure and disappearance or alleviation of clin- 
ical symptoms. Upon slaughter, all calves given ascorbic acid had squamous 
metaplasia in the parotid gland ducts, whereas of those calves given Vitamin A, 
one showed squamous metaplasia, two had no lesions and three had transitional 
type epithelium. 
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THE AMINO ACID COMPOSITION OF THE FAT-GLOBULE 
MEMBRANE PROTEIN OF MILK* 
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Research dealing with the protein or proteins found on the milk-fat globule 
has been conducted by numerous workers over the past half century and yet our 
knowledge concerning this subject is rather limited. Early workers were of the 
opinion that the membrane protein was a moiety of the major milk proteins, 
casein, lactalbumin and lactoglobulin. Hattori (3) offered evidence that the 
membrane protein differed from these proteins in that his ‘‘ Haptein’’ contained 
only 12 per cent nitrogen. Palmer and his associates (8, 9, 10, 13, 14), in an 
extensive study of the fat-globule membrane, concluded that the membrane pro- 
tein differed from all other known milk proteins. 

The protein isolated by Palmer and his coworkers agreed rather well in com- 
position with that of Hattori on a nitrogen distribution basis. Both were char- 
acterized by a low nitrogen content (about 12 per cent) and a high percentage of 
humin nitrogen, as compared with casein, lactalbumin and lactoglobulin. Each 
protein, however, differed in the nitrogen distribution within the basic fraction. 
The only amino acids determined were arginine, histidine, lysine and cystine. 
The present report deals with the amino acid composition of the milk fat-globule 
membrane protein as determined by microbiological assays. 


METHODS 


Isolation of the membrane protein. The procedure of Olson (7) was used 
with slight modifications to overcome experimental difficulties which arose. Ten 
gal. of fresh raw cream containing 40 per cent butterfat were used. The cream 
was poured into a 50-gal. vat and the vat filled with water at 100° F. The mix- 
ture was stirred gently for a few minutes, put through a cream separator and the 
cream collected. This operation was repeated at least four times. A biuret test 
was conducted on a sample of the washings after each separation until the final 
sample showed only a very faint pink color. 

The washed cream, with a volume of approximately 10 gal., was placed in a 
cooler for 2 days, churned in a commercial churn at 52° F. and the buttermilk 
and washings collected. These were mixed and the pH adjusted to 3.95 with 
glacial acetic acid and placed in the cooler overnight. Some of the supernatant 
liquid was siphoned off and the remaining suspension was poured into 4-1. beakers 
and an amount of acetone equal to the volume in the beaker was added. The 
acetone precipitated the protein and further supernatant was removed by siphon- 
ing and centrifuging at 2,000 rpm. on the International no. 2-type centrifuge. 

Received for publication Feb. 28, 1952. 
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The precipitate could not be separated completely by this means and therefore 
was put through a Sharples supercentrifuge at 40,000 rpm. The precipitate 
was collected, again mixed with an equal volume of acetone, blended in a Waring 
Blendor and separated in the International centrifuge. 

The dry precipitate was washed with absolute alcohol, washed five times with 
a 1:4 aleohol-ether mixture and finally with pure anhydrous ether. In each 
case the mixture was separated at centrifugal speeds at 2,000 rpm. The pre- 
cipitate then was dispersed in a minimum of distilled water and lyophilized in 
a Stokes lyophilizing apparatus. The yield from 10 gal. of cream was approxi- 
mately 4 g. 

The above procedure was carried out on two different samples of cream. 
Sample I had been prepared and stored in the refrigerator for a considerable 
period of time, while sample II was a fresh preparation. 

Phosphorus determination. Fifty-mg. samples were burned in a 22-ml. Parr 
peroxide bomb. ‘The melt was taken up in distilled water, acidified with HNO; 
and the P precipitated with ammonium molybdate. The P then was determined 
by titration (1). 

Sulfur determination. The protein samples (0.3 g.) were burned in a 22-ml. 
Parr peroxide bomb and analyzed for S as follows: The residue obtained from 
combustion was taken up in distilled water, slightly acidified with HCl and a 
saturated solution of Br added. After expelling the excess Br, the solution was 
made just acid to methyl orange and the sulfate precipitated with BaCl,. The 
precipitate was dried and weighed and the S calculated. 

Amino acid analysis. Microbiological assay procedures were used for the 
determination of the amino acid composition of the fat-globule membrane pro- 
tein. Lactobacillus arabinosus 17-5 (ATCC 8014) was employed for the deter- 
mination of methionine, isoleucine and cystine; Leuconostoc mesenteroides P-60 
(ATCC 8042) for phenylalanine, tyrosine, serine, proline, aspartic acid and 
glycine ; and Streptococcus faecalis (ATCC 9790) for the estimation of arginine, 
histidine, leucine, lysine, threonine, tryptophane and valine. 

The basal medium described by Stokes et al. (12) was employed for the esti- 
mation of arginine, histidine, leucine, lysine, threonine, tryptophane and valine ; 
the medium of Barton-Wright (2) for isoleucine, tyrosine, serine, proline, cys- 
tine, aspartic acid and glycine; the medium of Henderson and Snell (4) for 
phenylalanine ; and the medium of Horn et al. (5) was used for the estimation of 
methionine. Standard microbiological assay procedure was used throughout. 
The final volume in the assay tubes was 10 ml. Assays involving the use of S. 
faecalis were incubated 48 hr. ; those utilizing L. arabinosus and L. mesenteroides 
were incubated for 72 hr. Growth was measured titrimetrically. Assays were 
conducted in duplicate and in most cases in triplicate and values reported are 
averages of these determinations. 


RESULTS AND DISCUSSION 


The results of the preliminary analysis of the two preparations are shown in 
table 1. These figures are the averages of closely agreeing duplicate values. 
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It is evident that with the exception of S and P, the two preparations were reason- 
ably similar in composition. Reasons for the wide variation in S and P are not 
apparent at the present time. The value for N (12.34 to 12.38 per cent) suggests 


TABLE 1 
Composition of fat-globule membrane protein 
Sample Moisture Fat Ash Nitrogen 8 P 
(%) (%) (%) (%) (%) (%) 
RESETS 7.61 4.33 2.17 12.34 1.34 0.62 
8.50 5.22 3.22 12.38 2.02 0.30 


that the materials are similar in nature to the protein substances isolated by Hat- 
tori (3) and Palmer (8), both of whom obtained N values of approximately 
12 per cent. 

Table 2 shows the average amino acid composition of the two samples of the 


TABLE 2 
The amino acid composition of the fat-giobule membrane protein and other milk proteinsa 


Membrane protein 


Casein Lactalbumin §-Lactoglobulin 
SampleI Sample IT 


(%) (%) 
5.0 
Histidine . 
Lysine .......... 
Tyrosine ..... 
Tryptophan . 
Phenylalanine . 
Cystine 
Methionine 
Threonine ........ 
Leucine... 
Isoleucine .. 
Valine ...... 
Serine 
Proline ............. 
Aspartic acid . 


bo 

& 


= 


Saad 


a 
nr 


a Anhydrous, ash-free basis. 


fat-globule protein isolated in this laboratory. These values are compared with 
average amino acid values obtained from the literature for the major milk pro- 
teins, casein, lactalbumin, and f-lactoglobulin. 

Although the two samples of membrane protein were prepared at different 
times in the laboratory and from different milk sources, the amino acid values 
were in rather close agreement in most cases. The basic amino acids arginine 
and lysine and serine showed the widest difference; other amino acids such as 
phenylalanine and threonine varied as much as 1 per cent, while the remainder 
showed much closer agreement. Analyses by Wiese and Palmer (14) of the basic 
amino acids and cystine, although determined chemically, were similar generally 


(%) 

2.9 

1.6 

114 

3.8 

1.9 

3.5 

2.3 

3.2 

5.8 

15.6 

8.4 

5.8 

5.6 

4.1 

11.4 

14 
88.1 
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to the values reported in this study. Both cystine and histidine were in the 
neighborhood of 1 per cent, while arginine and lysine were in the range of 5 to 6 
per cent, values approximating those obtained in the present study. 

Upon inspection of the amino acid composition of casein, lactalbumin and 
8-lactoglobulin and comparing these values with those of the fat-globule mem- 
brane protein, it becomes evident that little similarity exists between these pro- 
teins on an amino acid basis. The membrane protein appears to contain more 
arginine, phenylalanine, threonine and glycine and less lysine, tryptophan, leu- 
cine, isoleucine and aspartic acid than any of the major milk proteins. The re- 
maining amino acids show values intermediate between those of casein, lactalbu- 
min and lactoglobulin. If amino acid composition of a protein may be used as 
a criterion of protein similarity or dissimilarity, it is obvious that the membrane 
protein is a distinct type of protein and appears not to be related to the casein, 
lactalbumin or lactoglobulin on a structural basis. 

Past work has shown that various materials are adsorbed on the fat-globule 
surface, including agglutinin (11) and the enzyme phosphatase (6). Therefore, 
it is likely that the protein isolated by the present method is not a single molecular 
substance but a group of proteins, perhaps very similar in chemical properties. 
The variation in amino acid composition as shown in the present report and by 
previous investigators (3, 10, 14) possibly is due to the removal of different 
amounts of the adsorbed protein substances during the washing process. Thus, 
it is difficult to isolate the ‘‘fat-globule membrane protein’’ in its pure form. 
An electrophoretic study of the protein material isolated from washed cream may 
possibly throw some light on this’ subject. 

Because of the small amount present in milk, the membrane protein may be 
insignificant in its contribution to the nutritive value of the milk proteins. How- 
ever, on an individual protein basis, it appears to be adequate in the essential 
amino acids. A short-term growth trial with Wistar albino rats has indicated 
that the nutritive value of the membrane protein isolated in this study is only 
slightly less than that of casein. 


SUMMARY 


Sixteen amino acids have been determined microbiologically on two different 
samples of the fat-globule membrane protein substance isolated from washed 
cream. Close agreement in amino acid composition was observed between the 
two preparations. Lysine and arginine showed the widest variation. 

The amino acid composition of the membrane proteins was compared with 
that of casein, lactalbumin and lactoglobulin. Little similarity was noted be- 
tween the membrane protein and the major milk proteins which suggests that the 
former was a vnique protein(s) and did not find its origin in either casein, 
lactalbumin or | .ctoglobulin. 
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THE EFFECT OF AGE AND SIZE ON THE FERTILITY OF 
DAIRY HEIFERS! 


DURWARD OLDS, EDWARD C. TROUTMAN anp D. M. SEATH 
Kentucky Agricultural Experiment Station, Lexington 


Several reports have indicated that heifers have lower fertility than cows. 
Whether this is due to a higher percentage of infertile animals or an over-all lower 
fertility in heifers is not clear. The possibility that age and size influence the 
fertility of heifers has not been adequately studied. In the following references 
as well as in the present study, fertility was measured by the percentage of ani- 
mals conceiving after one, two or three services or by the average number of serv- 
ices required per pregnancy. The records of sterile animals were not omitted 
from the data. 

In a study of 221 heifers and 418 cows, Trimberger and Davis (9) found that 
57.5 per cent of the heifers and 61.7 per cent of the cows conceived at first service 
when bred artificially. Morgan and Davis (5) found that among 537 heifers and 
2,090 cows bred naturally, the heifers required 2.52 services per conception and 
the cows required 2.21 services. Miller and Graves (4) reported that at the end 
of three services, 67 per cent of the heifers and 73 per cent of the cows had con- 
ceived. Olds (7) found that the fertility of heifers was about 2.3 per cent lower 
than for cows. Davis (1) reported that 53.5 per cent of the heifers had conceived 
after two services, whereas the average for cows of all ages was 63.8 per cent. 

Very little has been published concerning the fertility of heifers bred at vari- 
ous ages and sizes. Tanabe and Salisbury (8) found a rather uniform increase 
in fertility of cattle from 1 to 4 yr. of age. On the other hand, Gowen and Dove 
(2) found that fertility decreased rather uniformly from 70 per cent in heifers 
under 1 yr. of age to 45 per cent for 16-yr.-old cows. White et al. (10), after 
summarizing data for 120 heifers of four breeds, reported that heifers under 
15, 15 to 17, 18 to 20, 21 to 23 and 24 mo. of age or over required 2.40, 1.91, 1.60, 
2.54 and 2.89 services, respectively, per conception. Olds et al. (6), in a study of 
435 heifers of the Holstein and Jersey breeds, found a satisfactory fertility in 
Jerseys 12 to 14 mo. of age; aside from this, the fertiilty increased with age up to 
21 to 24 mo. of age. Ina study of 1,265 heifers bred artificially, Olds (7) found 
no significant trends associated with age in the Holsteins and Guernseys, but the 
fertility of Jersey heifers declined from 64.2 per cent in the group 12 to 15 mo. 
old to 46.1 per cent in those bred at 24 mo. of age or older. In view of these 
conflicting results and since it is difficult to seeure accurate ages in this type of a 
field study, it was decided to gather additional records and also to include a chest 
girth measurement as an estimation of size (3). 

Received for publication Mar. 1, 1952. 

1 The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the director. 
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PROCEDURE 


Inseminators in 21 locals of the Kentucky Artificial Breeding Association were 
asked to record the ages of heifers at the time of first service whenever this infor- 
mation was available. In addition, they were asked to take the chest girth meas- 
urement as an indication of size of all heifers bred and to record the data in their 
herd record books. This was done for a period of 1 yr. (1949-50) and all heifers 
were allowed at least 4 mo. in which to return for another service before tabula- 
tions were made. 

RESULTS 

Data were obtained for 2,166 heifers of the Holstein, Jersey and Guernsey 
breeds; ages were obtained for 1,786 heifers and the chest girth measurements 
for 1,405 heifers. The breeding efficiency of heifers for the various ages is shown 
in table 1. The Chi-square test indicated that there were no significant fertility 
differences in the age groups. 


TABLE 1 
Breeding efficiency of heifers according to age 


Holstein Jersey Guernsey 

Age No. Non- No. Non- No. % Non- 

bred returns bred returns bred returns 
WP ches 36 82.1 154 70.1 67 62.7 
15-17 ...... 164 68.3 448 70.1 262 63.7 
18-20 ...... , 195 73.9 130 63.1 119 63.9 
51 80.4 28 57.1 21 61.9 
24 or over . : 56 67.9 30 60.0 25 44.0 
Unknown ...................... 155 69.0 116 63.8 109 62.4 
657 71.7 906 67.6 603 62.5 


The breeding efficiency of heifers for the various groups sorted on estimated 
weights, based on chest measurements, is shown in table 2. Apparently, the dif- 


TABLE 2 
Breeding efficiency of heifers according to estimated weight as determined from chest girth 
Holstein Jersey Guernsey 
Estimated 
weight No. % Non- No. % Non- No. % Non- 
bred returns bred returns bred returns 
(1b.a) 
401-500 14 78.6 180 68.3 47 72.3 
501-600 77 74.0 230 66.1 134 71.6 
601-700 160 68.8 81 70.4 104 61.5 
701-800 151 73.5 20 50.0 61 55.7 
801-900 69 78.3 12 50.0 
901-1,000 ... 34 64.7 2 0.0 2 100.0 
Unknown 152 69.7 371 69.0 238 58.0 
657 71.7 906 67.6 603 62.5 


a Kendrick and Parker (3). 
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ferences in weights were not closely associated with changes in breeding efficiency, 
for the Chi-square test indicated that there were no statistically significant dif- 
ferences among the groups. 

It should be admitted that complete reliance cannot be placed in all the ages 
of heifers as given to inseminators by farmers. Some miscalculations or inac- 
curate estimates are almost certain to occur, although perhaps overestimates of 
age may tend to cancel the underestimates. Likewise, the chest girth measure- 
ments may be subject to error. In one ease, a tape measure which had gotten 
wet was found to have shrunk 3 in. in the span of 72 in. However, in this case, 
the inseminator recognized the shrinkage promptly and stopped using the tape. 
Nevertheless, it is believed that, for the most part, the data are reliable and that, 
within the limits of this study, age and size did not have a marked effect on the 
fertility of heifers. 

SUMMARY 


Breeding efficiency was obtained for 2,166 heifers of the Holstein, Jersey and 
Guernsey breeds; ages were secured for 1,786 animals and the chest girth meas- 
urement for 1,405 of the heifers. Age groups studied ranged from 12 to 14 mo. 
to 24 mo. or over. There were no significant differences in breeding efficiency 
between the various age groups. 

There were no significant differences in the breeding efficiency of heifers 
grouped according to size on the basis of chest girth measurements. The esti- 
mated weight groups ranged from 301 to 400 lb. to 901 to 1,000 Ib. 
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A COMPARISON BETWEEN DAILY ROTATIONAL GRAZING AND 
CONTINUOUS GRAZING* ? 


A. L. BRUNDAGE anp W. E. PETERSEN 


Division of Dairy Husbandry, University of Minnesota, St. Paul 


Grazing management practices with dairy cattle may be divided into two 
basic systems, controlled and uncontrolled. Under the uncontrolled system of 
management (continuous grazing) the pasture area is grazed as a single large 
unit for the entire grazing season. When the pasture can no longer meet the 
nutritive requirements of the grazing animals, it is supplemented with grain plus 
preserved or soiling crops. 

Under the controlled system of management (rationed and rotational grazing), 
the pasture area is subdivided into several smaller units. These are grazed in 
succession, thus allowing for recovery of individual units between grazings and 
the harvesting of excess forage as winter feed. 

Many farmers in New Zealand, using a very intensive system of rotational 
grazing, changing the pastures two and three times every 24 hr., have demon- 
strated the high productivity of this type of pasture management. McMeekan 
(4) reports that production of 400 lb. of butterfat per acre has been obtained 
using this system. 

Two reasons may be advanced for increased pasture productivity under daily 
rotational grazing. Due to a higher intensity of grazing and the salvaging of 
surplus forage, a greater efficiency of utilization of available herbage is obtained. 
Secondly, the herbage is successively grazed while actively growing, thus assuring 
an adequate quantity of forage lower in lignin and of higher nutritive value 
than from more mature pasture forage. 

This experiment has been designed to compare two extremes in pasture man- 
agement, continuous and daily rotational grazing. The experiment was con- 
ducted over a complete grazing season, May 18 to August 31, 1951. Four sets 
of monozygotic dairy cattle twins were employed as the grazing animals, en- 
abling a more intensive study with high significance (1, 2). 


EXPERIMENTAL 


Table 1 lists the animals used in the experiment. Due caution was taken to 
select sets in the same stage of lactation and pregnancy where these factors were 
involved, thereby reducing physiological as well as hereditary differences. The 
two steers, T94 and T95, were on different planes of nutrition prior to the start 
of the experiment, T95 being on a lower grain diet. This may explain some of 
the differences in growth rate exhibited by these two animals during the ex- 
periment. 

Received for publication Mar. 2, 1952. 

1 Scientific Journal Series Paper no. 2800, Minnesota Agricultural Experiment Station. 

2 Data presented in this paper are from a thesis submitted by A. L. Brundage to the gradu- 
ate faculty of the University of Minnesota in partial fulfillment of the requirements for the 
Master of Science Degree. 
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The pasture area consisted of about 10 acres of a uniform alfalfa-brome grass 
mixture (9:1) 400 by 1,000 ft. A fence divided the area down the long axis into 
two equal halves, and a second fence served as a lane whereby the animals man- 
aged under the daily rotational system might be admitted to the pasture at any 
designated point. The pasture managed under the continuous grazing system 
(4.8 acres) was grazed in its entirety for the whole grazing season. No clipping 
or harrowing was done. The pasture managed under the daily rotational system 
(4.6 acres) was rationed out in daily allotments. Two temporary electric fences 
served to separate a small strip of the pasture from the previously grazed area 


TABLE 1 
Experimental animals 
Breed Date of Calving Breeding ‘ 

No. (allgrades) Birth date 
(1b.) 

T53r Guernsey F 4-23-49 4— 9-51 985 

T54e Guernsey F 4-23-49 4— 2-51 990 

Guernsey F 4— 7-49 5- 2-51 817 

T62¢ Guernsey F 4- 7-49 4-26-51 840 

T69r Holstein F 10- 6-49 1-8-51 , 939 

T70¢ Holstein F 10- 6-49 1-9-51 908 

T94e Holstein M 10-27-50 500 

T95r Holstein M 10-27-50 438 


® Weight taken the day before the start of the experiment. 
t Managed under the daily rotational system. 
¢ Managed under the continuous system. 


and the ungrazed area. This strip was advanced successively up the field until 
the previously grazed area had recovered sufficiently to permit regrazing, at which 
time the animals were brought back to the beginning and the ungrazed area was 
cut for hay. 

The movability of the fence is very important in following the daily rotational 
system. An important part of this movability is provided by the specially de- 
signed fence posts, designed after similar ones in use in New Zealand. These 
consist of regular rod-shape electric fence posts, with the top part bent into the 
shape of a pig’s tail. An old milking machine hose, slipped over this, serves as 
insulation, a twist allowing the wire to enter the eye, and a twist allowing the 
wire to fall free within the loop. This eliminates porcelain insulators and wire 
clips. The fence was moved as a unit to its new location each day. With ex- 
perience, the two fences (400 ft.) could be moved and reerected in less than 0.5 hr. 
by one individual. 

The four milking animals were walked to the nearby barn and milked twice 
a day by machine. The milk was weighed each milking and samples taken for 
butterfat test once a week. All the animals were weighed at the barn each Friday 
afternoon. 

There are two factors to be considered in evaluating the two management 
systems: productivity of the animals and productivity of the respective pastures. 
Only that pasture production harvested as animal production or winter feed may 
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be credited to a management system. Production not harvested by the animal 
or man is waste resulting from the management system involved. 

The method of Knott et al. (3) was used to calculate the nutrient require- 
ments of the animals. No grain or roughage, except an occasional handful of 
coarse hay as a precaution against bloat, was fed during the experiment; there- 
fore, it is assumed that the calculated T.D.N. requirements of the animals repre- 
sent the T.D.N. production of the pastures. The fact that each experimental 
group was identical in genotype and performing similar physiological functions 
tends to reduce differences in efficiency of forage utilization, and the absence of 
supplemental feed tends to reduce differences in digestibility of the consumed 
forage. Therefore, it may be assumed that this method of estimating pasture 
production is a reliable means of comparison under the conditions of this ex- 
periment. 


RESULTS AND DISCUSSION 


Conclusions may be drawn only for the weather conditions prevailing during 
the experiment. These were not normal, being well below average in tempera- 
tures and above average in total and evenness of distribution of precipitation. 

Definite grazing patterns were noted under each management system. The 
group managed under the continuous grazing system employed its own system of 
rotational grazing. The first few weeks of the experiment the cattle grazed down 
small, isolated areas of their pasture. As the experiment progressed, they con- 
tinued to regraze these same areas, ignoring the remaining forage which was 
maturing and going to seed. Under the rainfall conditions prevailing, the re- 
growth on these small areas was sufficient to maintain the animals. However, 
visual observation indicated that this type of grazing was injurious to the pasture, 
for some of these areas were seriously overgrazed and other ungrazed areas were 
allowed to become extremely weedy. 

During the early weeks of the experiment, the pasture managed under the 
daily rotational system was grazed very intensely, at a rate equivalent to eighty 
cows per acre per day. Even under this intensity of grazing, the animals were 
very particular in selecting the leafy material and rejecting the stems. However, 
when the area was regrazed, they began to select against certain small areas as well 
as against stems. This selectivity increased with the number of times a given 
area was regrazed, until at the end of the experiment they were selecting against 
more than 50 per cent of the area. That this was due to contamination with 
urine and feces, and not to differential maturity of the plants, was indicated by 
the observation that clipping of a small area after grazing had no effect on sub- 
sequent selectivity. 

Bloat was a definite problem under both management systems and may be at- 
tributable to the predominance of alfalfa in the pasture mixture and the low 
roughage consumption. It is interesting to note that bloat only occurred within 
twin sets. The two Holstein heifers (T69 and T70) both exhibited a tendency to 
bloat constantly during the early weeks of the experiment. Coarse hay was 
given in small amounts and served to keep the symptoms from becoming too 
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severe, and the condition cleared up spontaneously at the end of the first 3 wk. 
of the experiment. The steer under the continuous system (T94) developed 
severe bloat symptoms in late July which lasted for over a week and then cleared 
up spontaneously. The steer under the daily rotational system (T95) died 
August 9, his death being attributed to bloat, although no previous symptoms 
had been observed. At this time T94 was removed from the experiment to even 
up the two groups. However, the performances of these two animals while on 
the experiment are included in the comparison of the management systems. 


TABLE 2 
Total milk and butterfat production and total weight gains during the experimental period 

No. Milk Av. test Butterfat Weight gain 

(1b.) (%) (1b.) (1b.) 
T53r 2,935.1 4.58 134.31 84 
T54e 2,835.6 4.56 129.25 62 
Tél 1,431.9 4.84 69.29 76 
T62¢ 1,357.6 4.89 66.41 97 
T69r 132 
T70¢ 125 
T94e 1484 
T95r 1848 


a Removed from the experiment at the end of 11 wk. 

rt Managed under the daily rotational system. 

¢ Managed under the continuous system. 

There was no significant difference in total animal production resulting from 
either management system, as will be noted in table 2. However, if T.D.N. per 


TABLE 3 
Hay production from the rotationally grazed pasture 
Acres Total Lb. peracre Total T.D.N.a 
(1b.) (1b.) (1b.) 
6-12-51 2.8 7,550 2,696 3.797.6 1,356.1 
7-24-51 2.8 8,975 3,205 4,514.4 1,612.1 
Total 2.8 16,525 5,901 8,312.0 2,968.2 
a Alfalfa hay, all analysis 50.3% T.D.N. (5). 
TABLE 4 
T.D.N. production under the two management systems 
Suenenet Total T.D.N. T.D.N. per acre 
T.D.N. Continuous Rotational Continuous» Rotational 
(1b.) (1b.) (1b.) (1b.) 
5,680.9 5,929.8 1,183.5 3,138.4 
(5,649.2) a 
8,312.0 2,968.2 
Total 5,680.9 14,241.8 1,183.5 3,096.0 


81.8 acres of the daily rotational pasture supplied the nutrients in parenthesis. The re- 
mainder was supplied by 6-d. grazing on that part of the pasture which also produced hay and 
is not included in the calculations to determine T.D.N. production per acre from grazing. 

» 4.8 acres. 
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acre in the form of grazing is to be used as an evaluation of pasture productivity, 
it will be noted from table 4 that the daily rotational system resulted in nearly 
three times the production per acre of the continuous system. When T.D.N. in 
in the form of hay also is included, it will be noted that total T.D.N. production 
under the daily rotational system is almost three times that under the continuous 
system. 

The question may be raised as to whether the decreased productivity of the 
continuous system is due to an excess of pasture area supplied. This is undoubt- 
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Fie. 1. Live weight of the experimental animals (4 sets of identical twins) at weekly 
intervals from May 18 to Aug. 31, 1951. Broken lines—continuous grazing; solid lines— 
daily rotational grazing. 


edly a partial explanation under the weather conditions prevailing during the 
experiment, but not necessarily under more normal weather conditions. This 
illustrates an inherent disadvantage of the continuous system of management. 
A given pasture area must be supplied which is sufficient for the animal needs 
during an average pasture season, but no provision is possible for harvesting the 
surplus forage resulting from an exceptional growing season. 

This experiment also illustates an inherent advantage of the daily rotational 
system. The intensity of grazing is governed by the available forage. Under 
very favorable growing seasons, such as the one during this experiment, less than 
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half of the area need be grazed, and the remainder may be cut for hay. Under 
more average conditions much more area would be grazed and less would be avail- 
for hay. 

Figures 1 and 2 illustrate the small weekly variation in live weight changes 
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Fie. 2. Average daily 4% fat-corrected milk by weeks produced by 2 sets of identical 
twin Guernseys (T53 and T54 and T61 and T62) from May 18 to August 31, 1951. Broken 
lines—continuous grazing; solid lines—daily rotational grazing. 


and milk production within sets of twins. Essentially there is little difference in 
animal production, either total or weekly production. However, the animals 
managed under the daily rotational system tended to exceed their mates in milk 
production and weight gains during the early weeks of the experiment. During 
this time the pastures were as nearly alike as at any time during the experiment, 
thus indicating a difference in animal production due to the management systems. 

The animals under the daily rotational system declined in milk production 
and weight at a more rapid rate than their mates during the last third of the ex- 
periment. This decline may be attributed to faulty management of the daily 
rotational pasture. A second cutting of hay was taken in late July and a small 
part of the grazed area was clipped to ascertain the effect of clipping on subse- 
quent selectivity of grazing. The pasture had been actively growing and it was 
anticipated that these areas would recover rapidly, but a cold wet August stopped 
growth almost completely on this area and it was necessary to maintain the ani- 
mals on the previously grazed area. A slowed growth of forage here, also, plus 
increasing selectivity due to contamination resulted in an insufficient supply of 
available nutrients. That the animals were under-fed during this time is indi- 
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cated by the gains in weight and milk production when it was possible to put 
them up on the new growth on the clipped area. 

This increasing selectivity of the grazing animals combined with a decreasing 
growth rate of the pasture plants is an important problem associated with daily 
rotational grazing. It necessitates careful planning to make certain that suffi- 
cient pasture forage will be available for the grazing animals when needed. This 
may mean saving some of the forage that ordinarily would be cut for hay for 
pasturing later on in the season. 

The question of whether or not to employ daily rotational grazing instead of 
continuous grazing, considered in the light of this experiment, becomes one of 
efficiency of land utilization vs. efficiency of labor utilization. With adequate 
good pasture and optimum weather conditions, daily rotational grazing does not 
seem to increase animal productivity over that obtained with continuous grazing ; 
but it definitely increases the number of animals which may be maintained on a 
given area, and provides a pasture-winter forage combination which is adaptable 
to changing weather conditions. 


SUMMARY AND CONCLUSIONS 


An experiment has been described in which four sets of identical twin dairy 
cattle have been used to compare daily rotational grazing with continuous grazing 
pasture management. The experiment was carried out over a complete grazing 
season from May 18 to August 31, 1951. No supplemental feed was fed. 

Conclusions may be drawn only for the weather conditions prevailing during 
the experiment, which definitely were not normal, and for the pasture mixture 
studied. 

There was little difference in total or weekly animal production, in the form 
of growth, milk and maintenance resulting from either management system. 

The area grazed under the daily rotational system yielded nearly three times 
the production per acre as did that under the continuous system. When T.D.N. 
in the form of grazing and winter feed are calculated, the daily rotational system 
resulted in nearly three times the total T.D.N. production of the continuously 
grazed pasture, which was in the form of grazing only. 

Animals grazing an extensive area established definite grazing patterns, 
overgrazing a small part of the area and allowing the remainder to mature and 
become weedy. 

Animals managed under the daily rotational system were very selective in graz- 
ing, selecting for leafy material and against stems and contaminated material. 

The necessity of close observation of both the pasture and the animals, to in- 
sure adequate intake with a minimum of wastage, in following a system of daily 
rotational grazing has been emphasized. 

Bloat was a problem under both systems of management and has been attrib- 
uted to the preponderance of alfalfa in the pasture mixture and low-roughage 
intake of the grazing animals. 
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THE SHORT-CHAIN FATTY ACIDS OF THE 
PERIPHERAL BLOOD OF GOATS 


E. M. CRAINE anp R. G. HANSEN 


Laboratory of Biochemistry, Department of Dairy Science, 
University of Illinois, Urbana 


Considerable attention recently has been focused on the metabolism of short- 
chain fatty acids in ruminants. Volatile fatty acids now are known to be a 
major product of rumen bacterial fermentation (2, 4, 18). The acids thus pro- 
duced evidently are absorbed directly from the rumen into the blood stream. 
Reid (22) and McClymont (15) have identified and measured acetic, butyric 
and propionic acids in the peripheral blood of sheep and cows. They reported 
as much as 10 mg. of volatile fatty acid per 100 ml. of blood; the majority of the 
acid was acetic. The blood of non-ruminants appears to contain less volatile 
acid (13, 17); Reid (21) found levels in dog blood as low as 1.4 mg. 

The possible significance of these short-chain acids in the blood of ruminants 
has been suggested by several reports. Isotopic acetate has been employed by 
Popjak et al. (3, 19) to demonstrate that the mammary gland utilizes acetate 
to synthesize longer chain fatty acids. Manometric study (5, 6) of mammary 
tissue slices has revealed that under certain conditions ruminant tissue utilizes 
acetate more actively than non-ruminant tissue. Tyznik and Allen (24) recently 
have observed that the low fat content of milk produced by cows on a low- 
roughage ration could be increased by supplemental feeding of acetate. 

The presence of these acids seems even more significant when one considers 
that the carbohydrate level of adult ruminant blood is somewhat lower than that 
of other mammals. However, the young ruminant is unusual in this respect, 
for at birth the glucose value may be as high as 115 mg. per 100 ml. of blood 
(1,10). As the age of the animal increases, the blood glucose decreases until it 
reaches the adult range of 40 to 60 mg. per 100 ml. McCandless and Dye (12) 
have considered this change in blood glucose to be concurrent with the develop- 
ment of the rumen. 

In this study the possibility that fatty acid levels in the blood may also reflect 
rumen development has been considered. The observations of McCandless and 
Dye have been confirmed and extended. 


EXPERIMENTAL 

Animals used were from the French Alpine goat herd maintained by the Dairy 
Science Department. Adult animals were fed on concentrates and hay. The 
young goats were fed milk principally, although they began to consume small 
amounts of hay and grain after they were about 3 wk. old. Changes in blood 
glucose due to ingestion of feed are minimal about 5 or 6 hr, after feeding (11). 
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Also, short-chain acid levels are reported to be maximal about 4 to 6 hr. after 
feeding (14). Therefore, the blood samples were obtained 5 hr. after feeding. 

Eighty- to 140-ml. samples of blood from adult females were obtained from 
the jugular vein. The young animals were stunned, the neck blood vessels were 
cut and the blood collected. The abdomen was opened and the stomach com- 
partments removed as a unit. As much excess clinging tissue as possible was 
removed and the unit split into two parts by cutting between the reticulum and 
omasum. The volume of water each portion could hold was measured, then each 
part was dried with toweling and weighed. Volume and tissue weight were re- 
corded as the ratio of rumen plus reticulum to omasum plus abomasum. 

The short-chain fatty acids were estimated and identified by means of a 
partition chromatography method which included techniques described by Peter- 
son and Johnson (16) and Ramsey and Patterson (20). A Celite-water-benzene 
slurry containing brom-cresol green to locate the position of the acids was packed 
tightly in a glass tube (a 25-ml. burette cut off so that 10 em. of tube remained 
above the stopcock) until the column was about 3 em. long. The rate of percola- 
tion was controlled by pressure from a cylinder of nitrogen. 

The blood serum was diluted, deproteinized with zine hydroxide (23), acidi- 
fied and then distilled as described by Friedeman (7). The distillate was 
titrated with 0.01 N NaOH to a phenolpthalein end point under a nitrogen 
atmosphere. The titration values obtained on these distillates were always 
irregular. Only a small portion of the value actually was found to be due to 
fatty acids as determined by the chromatographic procedure. This irregularity 
and the high titration of the distillates were presumed to be due to the presence 
of CO, which could not be removed completely. Therefore, to obtain an accept- 
able estimate of total volatile fatty acids, chromatographic measure was necessary. 

The neutralized solution was concentrated to a small volume and then evapor- 
ated to dryness. The dry salts were acidified, extracted with benzene and trans- 
ferred to the top of the Celite column. The removal of all acids with three or 
more carbons from the column by continuous percolation of benzene was followed 
by elution of acetic acid with a solution of 25 per cent butanol in chloroform 
(CB-25). The acid fractions collected were titrated with standard 0.01 NV 
sodium ethylate under a nitrogen atmosphere to a phenolthalein end point. 
With known solutions of acetic acid, it was found that organic-solvent solutions 
gave lower titration values than water solutions. Thus, correction factors of 
1.107 for benzene solutions and 1.085 for CB-25 solutions were used to calculate 
amounts of acid present. 

Glucose was determined by a modification of the micro-method of Folin- 
Malmros, used routinely in this laboratory (9). 


RESULTS 


The rumen of the goat 6 days old (table 1) was extremely small, undeveloped 
and contained virtually no solid material. Goat 2, which was 26 days old, had 
some intact hay in the rumen and limited fermentation may have occurred. 
Some fermentation seemed evident in the rumens of all other animals. The 
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TABLE 1 
Rumen development and changes in blood glucose in goats 


Goat Age Blood glucose Volume ratio Tissue weight ratio 
(d.) (mg./100 ml.) 
1 6 113 0.32 0.60 
3 31 106 2.17 1.24 
2 26 103 0.88 1.34 
4 46 90 1.67 1.56 
6 66 88 2.09 1.58 
5 52 73 2.22 1.74 


a Ratios of rumen and reticulum to omasum and abomasum, 


ratios of the volume and weight of tissue of rumen and reticulum to omasum and 
abomasum served as an approximate comparison of development of the two 
major portions, i.e., rumen and abomasum. As would be expected, there was 
considerable difference among individuals as to actual size; however, both ratios 
emphasize the rapid development of the rumen in comparison to the abomasum. 
Blood glucose values (table 1) were similar to those previously reported in the 
literature. At 6 days the value was 113 mg. per 100 ml.; the blood glucose 
decreased and the ratios of rumen to abomasum increased as the animal became 
older. 

The results of the fatty acid analysis are presented in table 2. In the 
chromatographic method used, all acids with four or more carbons were eluted 
from the column in one fraction with no possible separation into single acid 
groups. Since this particular fraction was small and probably was mostly 


TABLE 2 
Short-chain fatty acids in blood of goats 


Fatty acid concentration 


(uM/100 ml.) Per cent of 

Age acetic acid 

Acetic Propionic Propionic Butyric = of 

acid acid acide acid> (molar) 
acida 
(d.) 

6 37.4 3.9 6.2 2.3 43.6 85.8 
26 50.6 6.2 9.9 3.7 60.5 83.7 
31 37.8 6.8 11.8 5.0 49.6 76.2 
52 47.7 5.0 8.4 3.4 56.1 85.0 
66 51.4 5.0 9.3 4.3 60.7 84.6 
Mean 45.0 5.4 9.1 3.7 54.1 83.8 
66 68.1 8.0 18.9 10.9 87.0 78.3 
Mean 63.6 21.0 84.6 75.3 


a All volatile acids with more than 1 carbon atom. 
» All volatile acids with more than 3 carbon atoms calculated as butyric acid. 
¢ All volatile acids with more than 2 carbon atoms calculated as propionic acid. 
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butyric acid, it is reported as butyric acid. In some of the analyses, no sepa- 
ration was observed between the propionic and butyric acid fractions. In these 
eases, the fraction of acids with three or more carbons was calculated as propionic 
acid and tabulated in a separate column. 

Acetic acid was found (table 2) in the range of 48-72 »M per 100 ml. in the 
blood of the adult goats and in the range of 37-51 »M in the blood of the young. 
There were 17—30 »M of volatile acids with more than two carbons in the adult 
blood and 6-12 »M in the young blood. In milligrams per 100 ml., the average 
amount of acids with more than one carbon was 5.4 mg. in adult venous serum 
and 3.4 mg. in young serum. Thus, the adult blood contained appreciably larger 
amounts of all acids than the blood of the kids. Propionic and butyric acid frac- 
tions showed a greater percentage increase than acetic acid. 


DISCUSSION 


The levels of volatile fatty acids found in the blood of adult goats agree with 
the values reported to be present in the venous blood of cattle and sheep. How- 
ever, there appears to be some difference in the type of acid comprising the vola- 
tile fraction. In the adult goat, acetic acid constitutes about 75 per cent of the 
volatile acids as caleulated from the molar per cent of the acids liberated from 
the column, while in cattle and sheep acetic acid accounts for more than 85 per 
cent of this fraction. This may be a species difference or a difference in ana- 
lytical procedure. 

It should be emphasized that titration of the distillate reflected acid values in 
excess of the total combined amounts of acetic, propionic and butyric acids in 
the sample. This became evident on comparison of this titration value with the 
sum of the acids recovered from the sample on chromatography. A small amount 
of acid(s) was observed to migrate more slowly than acetic acid, as was indi- 
cated when some of the columns were treated with butanol after the acetic acid 
had been recovered with CB-25. A chemical determination (8) indicated the 
possible presence of formic acid in this fraction. Some of this acid may have 
been a breakdown product of the carbohydrates in the blood which were pro- 
duced during distillation ; however, a small amount was present in the blood. 

Although the rumen generally is conceded to be the source of blood volatile 
acids in ruminants, a considerable amount is observed in the blood of young goats. 
The source of this acid is probably intestinal bacteria or internal metabolic ac- 
tivity. However, it is of interest that these levels in the young goat are still 
somewhat higher than those reported by Reid for dogs (21). 

The development of the rumen is concurrent with a transition period in the 
metabolic patterns of the young animal. The decrease in blood glucose as the 
rumen becomes important from the standpoint of volume and weight of tissue is 
a reflection of this change. A further reflection of this transition is the higher 
levels of volatile acids in the adult animals. Although the data established a 
difference between young and adult levels of volatile acids, they do not definitely 
indicate whether the volatile acids increase gradually with rumen development 
or if they are influenced by a particular type of fermentation. Since the tissues 
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may utilize these acids, lower levels should be expected in venous blood. In this 
study, venous blood from the adult is compared with a mixture of venous and 
arterial blood from the young; this may lessen the observed differences between 
young and adult animals. 

As to its energy source, the young ruminant then is similar to the non-rumi- 
nant. Monosaccharides probably are absorbed from the digestive tract and ac- 
count for the high levels of blood glucose. When the rumen develops and begins 
to function, the short chain acids may become a major product of the digestive 
tract and may constitute an important energy source for the animal. This ac- 
counts for the rise in acid level and the decrease in blood glucose. Reid (21) has 
discussed the probability that the source of the blood glucose is the propionic 
acid formed in the rumen. 


SUMMARY 


Measureable amounts of acetic, propionic and butyric acids were identified 
in the peripheral blood of goats. Small amounts of other volatile acids also were 
present. There were 2.7 to 3.8 mg. of total volatile acids per 100 ml. in the 
blood of the young goats and 4.2 to 6.1 mg. per 100 ml. in the blood of the adult 
animals. About 75 per cent (molar basis) of the adult levels of volatile acids 
was acetic acid. 

Concurrent with the development of the rumen, the glucose level of the steed 
decreased, while the short-chain fatty acid level increased. 
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THE PREFERENTIAL UTILIZATION BY BULL SPERMATOZOA OF 
GLUCOSE AS COMPARED TO FRUCTOSE? 


A. VANTIENHOVEN, G. W. SALISBURY, N. L. VANDEMARK anv R. G. HANSEN 


Department of Dairy Science, University of Illinois, Urbana 


In studies on the rate of fructolysis by bull spermatozoa, as a possible indica- 
tion of inherent fertility level of the semen under consideration, it was noted in 
this laboratory that the utilization of fructose was always depressed in the pres- 
ence of the yolk-citrate-sulfanilamide diluter. Mann (5), who advocated 
fructolysis determinations for such purposes, incubated whole bull semen in a 
Ringer’s-phosphate buffer at 38° C. He reported fructose utilization of from 
1.5 to 2.0 mg. per 10° spermatozoa per hour for normal semen samples. Our 
average value of fructose utilization by 42 comparable semen samples in yolk- 
citrate-sulfanilamide (2) at 46.5° C. was 0.11 mg. per 10° spermatozoa per hour. 
Inasmuch as the buffer and other incubation conditions were somewhat different 
in our study, an investigation was made to determine the actual cause of the 
difference in fructolysis rate. It is the purpose of this paper to present those 
results. 


EXPERIMENTAL PROCEDURE 


The incubation of diluted semen was carried out in narrow test tubes, making 
the condition essentially anaerobic or in Warburg vessels under an atmosphere 
of nitrogen. The routine dilution rate was one part of semen to four parts of 
added diluent. Total reducing substances (TRS) were determined by the 
method outlined by Nelson (8), fructose by the method of Roe (9) and lactic 
acid by the method of Barker and Summerson (1). Glucose, where pertinent, 
was calculated as the difference between the TRS and the fructose analysis. 
Purity of the sugars added was tested polarimetrically. The specific rotation 
obtained for glucose was 52.75° and for fructose —88.0°. The purity of these 
commercial products was such that no further purification seemed necessary. 


RESULTS 


The rate of fructolysis of whole semen when incubated at 46.5° C. in a 
calcium-free Ringer’s-phosphate medium (3) was compared to that in a yolk- 
citrate-sulfanilamide diluent which contained additional carbohydrates. One- 
half of each of five semen samples was incubated in each of the two diluents in 
test tubes. The results presented in table 1 establish the fact that a real differ- 
ence existed in fructose utilization between the two diluents during incubation 
at 46.5° C., the differences noted being statistically highly significant (P = or < 

Received for publication March 3, 1952. 

1 The data for this paper are from a thesis presented by the senior author to the Graduate 


College, University of Illinois, in partial completion of the requirements for the degree of 
Master of Science in Dairy Science. June, 1951. 
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TABLE 1 


Glucose and fructose utilization and lactic acid production by bull semen. (Incubations were 
made at 46.5° C. for 60 min. in narrow test tubes. Average values are given for five 
incubations. Bull semen diluted 1:4 with the appropriate buffer.) 


Dilut TRS* Fructose Glucose Lactie acid 

Initial loss Initial loss Tnitial loss Gain 
(mg./10° cells) 

0.41 0.19 0.51 0.23 — 0.10 0.04 0.21 

Yolk-citrate-sulfanilamide .................... 0.73 0.23 0.54 0.04 0.19 0.18 0.25 


* TRS = Total reducing substances 


0.01). Also, they show that at this relatively high incubation temperature the 
main metabolic channel is a glycolytic one, lactic acid being the primary end- 
product of the carbohydrate used. The discrepancies observed between TRS 
and fructose determinations in the Ringer’s-phosphate diluent are unexplained, 
but seem not to vitiate the conclusion that a real difference in fructose utilization 
in the two diluents occurs at 46.5° C. The results suggested that a source of 
carbohydrate furnished by egg yolk was used in preference to fructose. 

Thus, a second 46.5° C. incubation experiment involving three semen samples 
was conducted with the Ringer’s-phosphate as the buffer, to which (a) equal 
parts of fresh egg yolk, (b) fructose and (c) glucose were added. The latter 
two were added in amounts approximately equal te the level of TRS in the. 
amount of yolk added in (a). The results are shown in table 2. Essentially 


TABLE 2 


Glucose and fructose utilization by bull semen incubated in Ringer’s-phosphate buffers con- 
taining either egg yolk or added carbohydrate. (Incubations were made at 46.5° C. 
for 60 min. in narrow test tubes. Average values are given for three incuba- 
tions. Bull semen diluted 1: 4 with the appropriate buffer.) 


TRS Fructose Glucose 
Addition 
Initial loss Initial loss Initial loss 
(mg./10* cells) 
Egg Yolk ............. 0.73 0.22 0.43 - 0.01 0.30 0.23 
0.68 0.20 0.43 0.05 0.25 0.15 
Fruetose .................. 0.69 0.20 0.65 0.22 0.04 - 0.02 


the same picture was obtained from the added egg yolk with the Ringer’s- 
phosphate buffer as when the sodium citrate buffer was used earlier. Practically 
no fructolysis resulted, while TRS were utilized by the spermatozoa as in the 
earlier experiments, which led to the conclusion that the type of buffer was not 
the main item causing the depression in fructose utilization. 

In order to study further the effect of glucose under conditions in which 
the level of glucose or of fructose could be controlled, and to test whether or not 
the phenomenon occurred at normal body temperature, the fructose normally 
found in semen was removed by washing the spermatozoa two times in the 
Ringer’s-phosphate and diluting to the original volume with buffer. To separate 
quantities of the Ringer’s-phosphate solution equal quantities of glucose, of 
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fructose and of a mixture of equal parts of each were added. Equal amounts 
of washed spermatozoa from each of four semen samples were added to the 
solutions and incubated in a Warburg flask under nitrogen for 1 hr. at a tem- 
perature of 37° C. The average level of sugar added to each flask was 257.2 mg. 
per 100 ml. of sperm suspension.? In the mixture containing both glucose and 
fructose, an average of 83.5 mg. per 100 ml. of glucose was utilized as compared 
to but 0.5 mg. per 100 ml. of fructose. An average of 107.0 mg. per 100 ml. of 
substrate was utilized in the diluent containing only glucose, while in the 
fructose-containing flask, an average of 78.2 mg. per 100 ml. was utilized. These 
results pointed conclusively to the fact that under anaerobic conditions at 37° C. 
spermatozoa in the presence of equal quantities of both glucose and fructose 
preferentially metabolized the glucose. Thus, the results were not qualitatively 
different for the two different incubation temperatures employed in these series 
of experiments, 46.5 or 37° C. 


PERCENT FRUCTOSE IN MIXTURE 


Fig. 1. Glucose and fructose utilization by washed spermatozoa from various mixtures of 
the carbohydrates in a Ringer’s-phosphate medium. Average values of 6 semen samples. 


For the determination of the approximate concentration of the two substrates 
at which utilization would be essentially equal, the following experiment was de- 
signed. Twice-washed spermatozoa from six semen samples were incubated at 
37° C. under nitrogen in a Warburg flask in Ringer’s-phosphate buffer containing 
varying proportions of fructose to glucose, including 1:1, 3:1 and 9:1 parts 
of fructose to glucose and one flask containing only fructose. These monosac- 
charides were added to a total level of approximately 0.67 mg. of TRS per 10* cells 
in all flasks in each of the six replications, an amount sufficient to meet the total 
substrate need of the spermatozoa. The results presented in figure 1 show that 
under the conditions of this experiment, and with the total supply of available 
substrate used, the two lines cross at an extrapolated ratio of 85:15 fructose 
to glucose, indicating equal rates of utilization at this point. 


2In this experiment sperm counts were not made in all samples after washing and, there- 
fore, the results are given in mg. of glucose per 100 ml. of sperm suspension. 
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DISCUSSION 


The yolk from hen’s eggs has been reported (7, 10, 11) to contain glucose. 
The difference neted in fructolysis rates in the two buffers is undoubtedly due 
to the glucose content of the added egg yolk. The studies reported in this paper 
confirm the observation of Mann (4) that spermatozoa in their own seminal 
plasma, or free from it under anaerobic conditions (preferentially), utilize glu- 
cose when it is available. 

The studies by Wiebelhaus and Lardy (13) and by Slein et al. (12) in which 
hexokinases from yeast and from animal tissues were shown to have a much 
higher affinity for glucose than for fructose might offer a possible explanation 
for the results obtained with bull spermatozoa. It is postulated that bull sper- 
matozoa contain an enzyme or enzymes which act similarly to these other hexo- 
kinases. This hypothesis, however, can only be tested by isolation or purification 
of the enzyme or enzymes from the bull spermatozoa. 

Whether the preferential glucose utilization by bull spermatozoa has any 
relation to the metabolism of the spermatozoa in the female genital tract is not 
known but has further to be investigated. 


SUMMARY 


Egg yolk has a sparing effect on fructose utilization by bull spermatozoa 
during anaerobic incubation at 37 or 46.5° C. 

This sparing effect can be explained by the occurrence of glucose in egg yolk 
and the utilization of glucose in preference to fructose by bull spermatozoa. 

At a ratio of 85 parts of fructose to 15 parts of glucose, an equal utilization 
of fructose and glucose by washed spermatozoa may be expected during incuba- 
tion at 37° C. under nitrogen, if the initial level of TRS is approximately 0.67 mg. 
per cells. 
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360. Wrapping machine for butter and the like. 
H. R. Coon, Sr. ano E. J. Rapp (assignors to 
Lynch Pkg. Machinery Corp.). U. S. Patent 
2,592,793. 1 claim. Apr. 15, 1952. Official 
Gaz. U. S. Pat. Office, 657, 3: 758. 1952. 
Details are given covering the construction of 
a motor-driven machine for wrapping prints of 
butter, margarine, etc. R. Whitaker 


361. Infrared ray butter softener. E. F. Hu- 


BACKER (assignor to Borg-Warner Corp.). U. S. 
Patent 2,594,023. 5 claims. Apr. 22, 1952. 
Official Gaz. U. S. Pat. Office, 657, 4: 1176. 1952. 


Butter, within a household refrigerator, is main- 
tained at a temperature suitable for spreading by 
a thermostatically controlled infrared lamp. 


R. Whitaker 


DAIRY BACTERIOLOGY 
P, R. ELLIKER, SECTION EDITOR 


362. Factors in the rise of yogurt and other 
cultured milks. C. B. Lane, Breakstone Bros., 
Inc., Walton, N. Y. Food Eng., 24, 3: 59, 60, 
161. Mar., 1952. 

The popularity of yogurt and cultured butter- 
milk has been increasing as a result of the attitude 
of diet-conscious Americans. Although there may 
be a question as to the curative value of these 
products, many people now buy them as a food 
rather than a health treatment. Yogurt contains 
lactobacilli, probably L. bulgaricus, and a strain 
of S. thermophilus. Commercial yogurt is not 
easy to make correctly. Cultured buttermilk con- 
tains S, lactis with S. citrovorous and S. para- 
citrovorous. Procedures are given for the prepa- 
ration of yogurt, acidophilus milk and other cul- 
tured products. T. J. Claydon 


363. Growth of pigs given skimmilk soured with 
nisin-producing streptococci. R. W. Barser, R. 
BraupDE AND A. Hirscu. Nature, 169, 4292: 200. 
1952. 

Pigs fattened for 126 d. on a daily diet con- 
taining 4-6.5 lb. of skimmilk soured with Strepto- 
coccus lactis failed to grow any better than a con- 
trol group fed unsoured skimmilk. Cultured 
skimmilk contains 100-120 units/ml. of nisin, 
the antibiotic produced by S. lactis. 

R. Whitaker 


364. Preservation of foodstuffs. L. E. Borst. 
Application 552,558. Apr. 29, 1952. Official 
Gaz. U. S. Pat. Office, 657, 5: 1582. 1952. 
Food in containers is conveyed through an air- 
cooled, graphite-moderated natural uranium 
reactor to produce sterility. The product is stored 
after treatment to allow decay of any radioactive 
material resulting from the use of the short-lived 
fission products. R. Whitaker 


365. Method for use in the preservation of eggs. 
A. Napper. U. S. Patent 2,595,808. 2 claims. 
May 6, 1952. Official Gaz. U. S. Pat. Office, 
658, 1: 221. 1952. 

A solution of 3-10% Ca and Na caseinate and 
CaCO, is used to seal the porous shells of eggs. 
The submerged eggs first are subjected to a vac- 
uum to remove the air, then to a slight pressure, 
which causes the sealing solution to penetrate the 


shells. R. Whitaker 


DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 


366. Reagents for iodometric determination of 
peroxides in fats. L. HartMAN anv M, D. L. 
Wuire, Dept of Scientific and Ind. Research, 
Wellington, New Zealand. Analyt. Chem., 24, 
3: 527-529. 1952. 

An investigation was carried out to develop an 
improved reagent for the iodometric determina- 
tion of peroxides in fats that would not give high 
blanks or react with some of the liberated iodine. 
All reagents were found to be subject to error due 
to liberation of i»sdine by atmospheric oxygen. 
The only advantage presented by a good reagent 
was in the elimination of the need for blanks. 
The use of an approximately 10% solution of 
citric acid in a mixture of tert-butyl alcohol and 
carbon tetrachloride gave results that were in good 
agreement with the acetic acid-carbon tetrachlo- 
ride mixture generally used. The new reagent 
could be used without making a blank titration. 

B. H. Webb 


367. The detection of enzymes by the chroma- 
tographic brush method. II. L. ZecHMEISTER 
AND M. Roupewatp, Calif. Inst. of Technol., 
Pasadena. Enzymologia, 15, 3: 109-114. 1952. 

Techniques used were summarized previously 
in the abs. (no. 149) of the Ist paper of the series. 
Methods have been developed for detection of an 
additional group of enzymes including «-glucosi- 
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dase, a-galactosidase, B-galactosidase, B-glucuron- 
idase, phosphorylase, hydroxynitrilase, and urease. 
These enzymes may be detected alone or simul- 
taneously when occurring in mixtures of 2-5 en- 
zymes of selected types. J. J. Jezeski 


368. The amperometric titration of plasma chlo- 
ride and urine chloride. C. W. Carr, Univ. of 
Minn., Minneapolis. Arch. Biochem. Biophys., 
34, 2: 299-304. Dec., 1951. 

An adaptation of the amperometric titration 
procedure of Laitenen et al. (Ind. Eng. Chem., 
Anal. Ed., 18: 355. 1946.) to chloride analysis 
of bovine serum and urine achieved results within 
1% of those obtained with the methods of Vol- 
hard and Schales and Schales. To determine 
serum chloride, 1 ml. of sample was diluted with 
21.5 ml. water, 2.5 ml. conc. HNO, and 25 ml. 
acetone; titration with 0.01 N AgNO, employed 
the rotating platinum electrode as the indicator 
electrode. Samples high in protein, such as 
whole blood and muscle tissue, foul the platinum 
wire; however, amperometric titration of the ash 
of such samples is suggested. H. J. Peppler 


369. Moisture teller. H. W. Drererr A. 
L. Granam (assignors to Harry W. Dietert Co.). 
U. S. Patent 2,594,743. 1 claim. Apr. 29, 1952. 
Official Gaz. Pat. Office, 657, 5: 1452. 1952. 
Details are given for the construction of the 
Dietert moisture tester, a device for determining 
the total solids of various products, including 
dairy products. R. Whitaker 


370. Recovery of protein from whey. M. E. 
Hutt (assignor to Armour and Co.). U. S. Pat- 
ent 2,595,459. 4 claims. May 6, 1952. Official 
Gaz. U. S. Pat. Office, 658, 1: 127. 1952. 

Whey first is neutralized to an acidity of 0.0- 
0.06%, then heated to 180-212° F. with agitation. 
The protein is ppted. by adjusting the pH to 
4.1-4.5, and then removed from the whey. 

R. Whitaker 


371. Process for the preparation of lysozyme 
from ass milk. D. M. Poto anp A. GUILLERMO. 
U. S. Patent 2,590,121. 5 claims. Mar. 25, 
1952. Official Gaz. U. S. Pat. Office, 656, 4: 996. 
1952. 

Lysozyme, precipitated from ass milk by ace- 
tone, is purified by a series of refining extractions 
and reprecipitations and finally dried at 10° C. 
under vacuum desiccation over P,O,. 

R. Whitaker 


DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 
372. Refrigerated liquid storage tank. F. J. 
ZamBoni. U., S. Patent 2,594,603. 10 claims. 
Apr. 29, 1952. Official Gaz. U. S. Pat. Office, 
657, 5: 1411. 1952. 

A cold wall storage tank has a circulating liquid 
in the jacket and is cooled by a series of separately 
controlled refrigerated cooling coils located within 
the jacket. R. Whitaker 


373. Centrifuge for separating cream from cold 
milk products. G. J. SrrezyNsKI (assignor to 
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the De Laval Separator Co.). U. S. Patent 2,- 
593,934. 17 claims. Apr. 22, 1952. Official 
Gaz. U. S. Pat. Office, 657, 4: 1150. 1952. 
Construction details are given for a milk sepa- 
rator bowl for handling cold milk. 
R. Whitaker 


374. Apparatus for removing the product film 
from a revolving drum surface. C. O. Lavett 


(assignor to Blaw-Knox Co.). U. S. Patent 
2,592,914. 8 claims. Apr. 15, 1952. Official 
Gaz. U. S. Pat. Office, 657, 3: 791. 1952. 


A series of individually controlled knives, and 
means of adjusting same are described for remov- 
ing products like milk powder from the surface 
of drum driers. R. Whitaker 


375. Device for stabilizing and homogenizing 
liquid mixtures. S. H. B. ZAacHarRIASSEN (as- 
signor to Aktiebolaget Separator). U. S. Patent 
2,595,376. 3 claims. May 6, 1952. Official 
Gaz. U. S. Pat Office, 658, 1: 104. 1952. 
Details are given for a homogenizer of the 
centrifugal-bowl type. R. Whitaker 


DAIRY PLANT MANAGEMENT AND 
ECONOMICS 


L, C. THOMSON, SECTION EDITOR 


376. Whats ahead for the dairy industry. P. H. 
Tracy, Univ. of Ill, Urbana. Food Eng., 24, 
4: 80-83. Apr., 1952. 

The need for more economical production cou- 
pled with the competition from substitute prod- 
ucts will induce changes in the dairy industry. 
The trends pointed out by the author are toward 
fewer cows, shifts in dairying locales, drop in 
milk and cream consumption, a smaller number 
of plants, greater sales through stores, a rise in 
vending-machine sales, standardization of sani- 
tary rules, wider interest in low-fat foods, more 
substitute products, a switch to higher quality 
butter, centralization of operations, a swing to 
continuous processing, automatic packing of prod- 
ucts, washing of pipelines in-place, tank-truck 
pick up from farms and better labor relations. 

T. J. Claydon 


377. Class II milk—an important but neglected 
price. E. E. Viat, Milk Dealers Assn. Metrop. 
New York, Inc. Am. Dairy Prod. Mfg. Rev., 
14, 3: 2-4, 6, 18-20. Mar., 1952. 

In the New York area, fluid cream (class II 
milk) is the 2nd most important single outlet for 
pool milk, but the volume has decreased 30% in 
the past decade and only 10% of the pool milk 
is so utilized. Pricing of this class has received 
little consideration in federal order hearings. 
The change in price schedule effective May, 1940, 
increased the Class II price in relation to butter 
especially when butter prices are in a high range 
as at present. The arbitrary limits on the source 
of cream supply, plus the federal order, result in 
relatively high Class II prices in the New York 
area. Prices are considerably higher than in 
Boston and Philadelphia markets. Many sup- 
porting data and charts are presented. 

T. J. Claydon 


ICE CREAM 


GENETICS AND BREEDING 
N. L. VAN DEMARK, SECTION EDITOR 


378. Fertilizing capacity of bull spermatozoa 
after freezing at - 79° C. C. Poitce. Nature, 169, 
4302: 626. 1952. 

Semen, on collection, was diluted with an equal 
volume of yolk-citrate buffer at + 28° C. and 
cooled to +5° C. in 4 hr. It again was diluted 
with an equal volume of citrate buffer containing 
20% glycerol. After standing over night at +5° 
C. the temperature was lowered to —79° C, in 
45 min. and maintained for 8 d. Pregnancies 
were produced in 79% of the 38 cows inseminated 
with the thawed material. R. Whitaker 


379. The use of skin grafting to distinguish 
between monozygotic and dizygotic twins in cat- 
tel. D. Anperson, R. E. Brrtincuam, G. H. 
LaMPKIN AND P. B. Mepawakr, Univ. of Birming- 
ham, and The Animal Breeding and Genetics 
Research Org., Edinburg. Heredity, 5, 3: 379 
-397. 1951. 

Skin was interchanged between cattle that were 
unrelated, full siblings, dizygotic twins of unlike 
sex and between those of the same sex, diagnosed 
phenotypically either as dizygotic or as mono- 
zygotic. Grafts between both monozygotic and 
dizygotic twins were effectual, whereas skin grafts 
between the cattle in other groups given above 
were destroyed rapidly. The tolerance of dizy- 
gotic twins to each others skin was not always 
complete. It was suggested that the degree of 
tolerance may be the same as the degree of simi- 
larity of their antigenic types. L. O. Gilmore 


380. Monozygotic bovine quadruplets. H. P. 
Dona tp, W. S. Biccar AND D. M. Locan, Animal 
Breeding and Genetics Research Org., Edinburgh. 
Heredity, 5: 135-142. 1951. 

These calves were considered by the authors 
to be the Ist set of monozygotic calves to be di- 
agnosed. The conclusion of monozygosity was 
based on the similarities between calves in 32 
observations in 11 different categories of character- 
istics. ‘The dam, and supposedly the sire, were 
British Friesian. The calves were purchased but 
some died before further studies could be made. 

The theoretical explanation for the frequency 
of occurrence of monozygotic quadruplets based 
on Hellins’ law for human data and twinning 
rate in Swedish cattle is given. A table of bovine 
quadruplets, quintuplets and sextuplets from cases 
in the literature is given. L. O. Gilmore 


HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 


381. Barn gutter cleaner. 
signor to James Mfg. Co.). U.S. Patent 2,593,- 
340. 1 claim. Apr. 15, 1952. Official Gaz. U. 
S. Pat. Office, 657, 3: 908. 1952. 

A bar, laid in the corner of the gutter, is given 
a reciprocating motion by a 2-stroke hydraulic 
ram. At intervals, spaced less than the distance 
of the stroke, a series of hinged paddles are at- 
tached to the bar. The paddles swing outward 


H. O. Petraske (as- 
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on the forward stroke and push the litter, then 
fold inward on the back stroke, thus gradually 
moving the litter to the end of the gutter. Means 
are provided to keep the litter from getting into 
the hinge. R. Whitaker 


382. Milking plant. H.S. Palmer. U. S. Pat- 
ent 2,593,597. 3 claims. Apr. 22, 1952.  Of- 
ficial Gaz. U. S. Pat. Office, 657, 4: 1059. 1952. 

An aisle for the milking attendant is provided 


at a lower level, between 2 stalls for milking cows. 
R. Whitaker 


383. Animal restraining device. L. E. HELDEN- 
BRAND. U.S. Patent 2,593,559. 2 claims. Apr. 
22, 1952. Official Gaz. U. S. Pat. Offfice, 657, 
4: 1049. 1952. 

Details are given for the construction of a de- 
vice for rigidly holding an animal, such as a cow, 
steer, etc., for branding and transporting, and 
while giving the animal medical attention. 

R. Whitaker 


384. Bull lead with quick release. D. O. Wenpr. 
U. S. Patent 2,595,432. 1 claim. May 6, 1952. 
Official Gaz. U. S. Pat. Office, 658, 1: 119. 1952. 
A device for leading cattle consists of a pivoted 
member similar to pliers in operation. A rope 
is attached to 1 handle and threaded through a 
spring attachment in the other handle which 
tightens the device on the animal’s nose the more 
the rope is pulled. R. Whitaker 


385. Nose tattooing device for cattle. C. S. 
CRANE AND R. A. Dove. U. S. Patent 2,593,110. 
3 claims. Apr. 15, 1952. Official Gaz. U. S. 
Pat. Office, 657, 3: 845. 1952. 

A device for marking noses of cattle and other 
animals for identification purposes is described. 


R. Whitaker 


386. Dilator for clogged teats. V.Gariepy. U. 
S. Patent 2,592,800. 1 claim. Apr. 15, 1952. 
Official Gaz. U. S. Pat. Office, 657, 3: 760. 1952. 
An instrument is decribed for introducing medi- 
cation into teats of cows, etc. 
R. Whitaker 


ICE CREAM 
Cc. D. DAHLE, SECTION EDITOR 


387. Looking back on a quarter of a century of 
advancement in ice cream research. C. KoERvER, 
Borden’s Pioneer Ice Cream Div., Brooklyn, N. Y. 
Ice Cream Trade J., 43, 4: 34, 111. Apr., 1952. 
During this period, paper cans have largely re- 
placed metal, many new ice cream stabilizers 
have been developed and, where available, liquid 
sugar has resulted in large saving in labor and 
handling costs. Stabilization of fruit and im- 
provement of chocolate fiavor are other problems 
studied by Dr. Koerver. W. H. Martin 


388. Case history demonstrates four big modern- 
ization benefits. A. V. Gemmit. Food Eng., 24, 
3: 49-53, 214, 215. Mar., 1952. 

Modernization of Borden’s ice cream plant at 
Gouverneur, N. Y., resulted in greater capacity, 
smaller losses, reduced expenses and better con- 
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centrates. These advantages were achieved by 
installation of some new equipment and slight 
modifications in design, but without excessive 
changes in the plant. Details of modernization 
are given. T. J. Claydon 


389. New low-fat high-protein package. Anony- 
mous. Ice Cream Trade J., 48, 3: 28, 58. Mar., 
1952. 

“Chek” is the name of a new low-fat, high- 
protein frozen ice milk which has been introduced 
by members of the Quality Chekd Dairy Products 
Assoc. The product is sold in qt., fifth-gal. and 
pt. cartons in vanilla, chocolate and strawberry 
flavors. W. H. Martin 


390. Hood's reports on its insulated overwrapped 
pint. Anonymous. Ice Cream Trade J., 43, 4: 
26, 27, 102. Apr., 1952. 

On July 25, Hood’s brought the insulated over- 
wrapped package into the metropolitan Boston 
area for the Ist time after marketing tests in 
various districts under the Polar Sealed name. 
As Hood’s expanded the market for this insulated 
overwrapped package, the regular type of pt. 
container was being withdrawn in each of the 
districts. 

Sales experience varied in different areas during 
the 10-d. introductory period when the Polar 
Sealed Pint was being sold for 29¢. The increases 
were anywhere from 150-300% plus over last 
year. After wholesale and retail prices went back 
to normal, during an 8-wk. period there was an 
average plus in all areas of 35%, as compared 
with last year. Regular pint is being produced 
only in the Polar Sealed overwrap. 

Consumer acceptance is due to retention of 
flavor and texture because of the sealing-in pro- 
cess and shopping convenience to consumers. 
Hood’s believe larger ice cream companies will 
adopt a similar method of protecting their ice 
cream quality until the product is consumed by 
customers, W. H. Martin 


391. Analysis of the industry’s volume in bulk, 
packages, specialties and cups. Anonymous. Ice 
Cream Trade J., 48, 3: 22-24, 118-119. Mar., 
1952. 

An analysis of ice cream sales made by IAICM 
shows many changes in types of products and 
container sizes during the past 10 yr. Volume of 
bulk ice cream sold has declined from 63.11% 
of sales to 46.15; packaged ice cream including 
pt., qt., 0.5-gal. and gal. increased from 20.07 to 
29.81%, cups increased from 5.47 to 6.48% and 
frozen specialties were up from 11.35 to 17.56% 
during the period 1941-1950. 

The survey was based on reports from 415 ice 
cream manufacturers with a sale of 163,501,809 
gal. W. H. Martin 


392. Consumer research can aid in ice cream 
merchandising. F. A. BaBione, Penn. State Col- 
lege, State College, Pa. Ice Cream Trade J., 
43, 3: 90-91, 112. Mar., 1952. 

Methods used in ice cream consumer research, 
including taste test studies, consumer interviews, 
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dealer interviews, store observation, sales tests 
and records, are discussed. W. H. Martin 


393. Two-decker dairy self-service refrigerator. 
R. E, Passt (assignor to E. Friedrich, Inc.). U. 
S. Patent 2,594,066. 2 claims. Apr. 22, 1952. 
Official Gaz. U. S. Pat. Office, 657, 4: 1188. 
1952. 

A refrigerated self-service display case or cabi- 
net for dairy products is described. Available 
storage space and display area are extended by 
having a trough-like shelf, backed by a refriger- 
ated cooling coil, set back and above the usual 
storage area. R. Whitaker 


394. How and what to sell through vending ma- 
chines. M. Wainer, Pony Boy Ice Cream Co., 
Lancaster, Pa. Ice Cream Trade J., 48, 3: 52, 
53, 108. Mar., 1952. 

Successful selling of ice cream through vending 
machines requires a variety of items and use of 
proper locations. Ways of securing locations are 
discussed. Proper equipment, strategic location 
and proper maintenance and service are impor- 
tant factors in successful vending machine opera- 
tion. 

A change of item at least once a week and use 
of illuminated signs are effective in increasing 
sales; attractive trucks and uniformed drivers and 
servicemen help advertise the product. On each 
machine is a decal to show the owners’ name and 


day and night number for service calls. 
W. H. Martin 


395. Ice cream scoop. M. C. Mercer. U. S. 
Patent 2,592,720. 2 claims. Apr. 15, 1952. 
Official Gaz. U. S. Pat. Office, 657, 3: 738. 1952. 
A hand-operated scoop for forming ice cream 
into pie-shaped portions is described. 
R. Whitaker 


MILK AND CREAM 


P. H. TRACY, SECTION EDITOR 


396. National program for interstate milk ship- 
ments. L. A. SCHEELE AND H. G. Hanson, Pub. 
Health Service, F.S.A. Pub. Health Repts., 67, 
3: 260-267. 1952. 

The authors present the views of the Public 
Health Service on a national program for inter- 
state milk shipments. Background information 
on the responsibilities of this organization in the 
field of milk sanitation is outlined first, followed 
by what are considered to be the problems in- 
volved in shipping milk in interstate commerce. 
The PHS believes that 1 important step toward a 
successful interstate milk shipment program would 
be the establishment of uniform health and sani- 
tation regulations for the shipping areas and re- 
ciprocity in the inspection of milk. 

Members of state health departments, dairy in- 
dustry, agriculture departments and the PHS 
held conferences and formulated a plan and pro- 
cedure for interstate milk shipping. The partici- 
pation of the PHS is specifically requested in cer- 
tain parts of this program as follows: (a) State 
of origin is to make milk sanitation ratings of the 
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milk shed following procedures developed by the 
PHS and the ratings reported to the PHS for 
certification. (b) Spot checks are to be made of 
the inspection, laboratory and rating procedures 
used by each state. (c) The PHS is to publish 
lists of interstate shippers as rated by shipping 
states. (d) The PHS, when requested, is to 
assist states in carrying out their milk control 
program. (e) The milk ordinance and code 
recommended by PHS is to be used as a basis 
for rating interstate milk suppliers. 
D. D. Deane 


397. New advance in canned fresh milk. C. R. 
Havicuorst. Food Eng., 24,3: 39. Mar., 1952. 

The procedure developed by Golden State Co. 
utilizes conventional methods of handling and 
transporting milk from farm to plant. Special 
techniques have been devised for pre-heating, 
homogenizing, HTST sterilizing, holding and 
cooling. The product is canned aseptically in 
the Martin unit. A pilot plant is in operation. 

T. J. Claydon 


398. Apparatus for manufacturing whipped 
cream. N. J. PFEIFFER AND F. F. SUELLENTROP 
(assignors to Lemay Machine Co.). U. S. Patent 
2,594,492. 12 claims. Apr. 29, 1952. Official 
Gaz. U. S. Pat. Office, 657, 5: 1381. 1952. 
Structural details are given for a machine for 
injecting gas under pressure into containers of 
cream. R. Whitaker 


NUTRITIVE VALUE OF DAIRY 
PRODUCTS 


R. JENNESS, SECTION EDITOR 


399. Utilizing nutrition research in sales pro- 
motion. H. Decrarr, Cornell Univ. Milk 
Dealer, 41, 5: 62-68. Feb., 1952. 

A discussion of the nutritive value of milk and 
milk products shows that these products lend 
themselves to advertising and sales promotion. 
The advertising features of these products are 
taste appeal, high quality protein, vitamin con- 
tent and, perhaps, the unique Ca content of milk, 
the strongest of all. Beyond these facts, the 
products sell at a bargain price as shown by 
tables comparing costs of steak, eggs and cheese 
with that of milk. Figures are presented. 

C. J. Babcock 


400. Effect and distribution of vitamin B,. G. 
FRAENKEL, Univ. of IIl., Urbana. Arch. Biochem. 
Biophys., 34, 2: 457-467. Dec., 1951. 

In addition to the known B-vitamins and folic 
acid, the larvae of the mealworm, Tenebris moli- 
tor, required for growth and survival a factor 
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designated By, found originally in Norite filtrates 
of yeast and liver extract. Milk and dried whey 
are superior sources of By. Based on solids in 
the diet, 0.3% milk and 0.15% dried whey ex- 
hibit the same order of activity as 1-2% dried 
brewers’ yeast. Casein is devoid of activity. 
Concentrates of vitamin B,yp fail to stimulate rats, 
chicks, guinea pigs, Tetrahymena sp., Streptococ- 
cus faecalis R, Leuconostoc citrovorum, Lacto- 
bacillus bulgaricus, Bacillus thermoalimentosum 
and Clostridium sporogenes. It bears some re- 
semblance to the guinea pig factor 3, and its 
activity differs from that of vitamin B,, and folic 
acid, H. J. Peppler 


SANITATION AND CLEANSING 
K. G. WECKEL, SECTION EDITOR 


401. Acid cleaner and detergent. G. E. Brissy 
AnD H. H. Youne (assignors to Swift & Co.). 
U. S. Patent 2,593,259. 5 claims. Apr. 15, 1952. 
Official Gaz. U. S. Pat. Office, 657, 3: 886. 
1952. 

Removal of heat-coagulated milk protein films 
is facilitated by using a cleaner composed of 
phosphoric acid, an alkali metal acid sulphate and 
an organic acid between acetic acid and a mineral 
acid in strength. The mixture is proportioned to 
obtain a pH of 1.8 or below. R. Whitaker 


402. Valveless vacuum-operated fluid circulating 
device for cleaning hollow objects such as teat 
cups and milk tubes. F. T. RepMan, Jr. (as- 
signor to Hall Labs., Inc.). U.S. Patent 2,595,- 
539. 8 claims. May 6, 1952. Official Gaz. U. 
S. Pat. Office, 658, 1: 149. 1952. 

Milking machine parts are cleaned by this 
equipment, which recirculates a cleaning solu- 
tion through all tubes and cups without dis- 
mantling. R. Whitaker 


403. Milk sanitation honor roll for 1950-51. 
Anonymous. Pub. Health Repts., 67, 3: 268-271. 
1952. 

A list is presented of 251 cities and counties 
on the Public Health Service “honor roll” for 
the period Jan. 1, 1950 to Dec. 31, 1951. A rating 
of at least 90% compliance with the USPHS 
Milk Ordinance and Code is necessary for inclu- 
sion. The list is made up of 2 parts, those com- 
munities in which all market milk is pasteurized 
and those in which both raw and pasteurized milk 
are sold. Some communities, although deserving 
to be included, may not be listed because their 
ratings haven’t been determined by the State milk 
sanitation authority concerned. D. D. Deane 
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The last time milk is han- 
died in the A. D. Lueders’ 
milk house, Waterford, Va., 
is when it is poured into a 
400 gallon Mojonnier Bulk 
Cooler, as shown in photo- 
graph. The milk is soon 
cooled toa safe 38°F. Pickup 
is made daily by bulk tanker. 


eThere is a Mojonnier Bulk 
Cooler for every milk house 
requirement. Made in 10 
sizes starting at 60 gallons. 


Easy Write for copy of Bulletin 


4601 W. OHIO ST., CHICAGO 44, ILL. 


i@u | An enzyme of growing 

“HAN SEN Ss | interest in Dairy 

DAIRY PREPARATIONS | and Cheese circles 


COTTAGE CHEESE COAGULATOR: 
LANNATTO BUTTER COLOR’ 
‘DANDELION BUTTER COLO 
BUTTER COL Wherever the economical decomposition 
ae : | of hydrogen peroxide is indicated we will be 
STARTER DISTILLATE glad to discuss the application of 
ACE ‘CREAM COLOR this new stable Catalase preparation. 


LACTIC. FERMENT. CULTURE 
Other Paul-Lewis products 
for the DAIRY INDUSTRY. 


For Complete information 
on the 
RENNET, Extract & Powder 

PHOSPHATASE REAGENTS aul 


CHR. HANSEN'S LABORATORY. INC. 
MILWAUKEE 14, WISCONSIN CRESOL PURPLE 4253 N. Port Washington Ré., Wis. 
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BACK COPIES 
of 


Journal May Be Available 


The Association has available back copies of the Journal of Dairy Science. 
If you need back copies, please write and inquire as to whether the particular 
one that you need is available. In some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is purchased. In many 
cases we have six or eight volumes complete with 50 or 100 copies available of 
certain numbers such as the November or December issue. 


Non-members 


Volumes ADSA Members ont 
1-16 (if available) 5.00 6.50 
17-32 (if available) 6.00 8.00 
33- 8.00 10.00 


If you are interested in procuring back copies please write to the Sec’y-Treas., 
American Dairy Science Assn., c/o Ohio State Umiversity, Columbus 10, Ohio. 
Make all checks payable to the 


AMERICAN DAIRY SCIENCE ASSOCIATION 


SUBSCRIPTION. ORDER 


To THE AMERICAN DAIRY SCIENCE ASSOCIATION 
Publishers of the Journal of Dairy Science 
Ohio State University, Columbus, Ohio 


Please find enclosed Ten Dollars in payment of subscription to the Journal of Dairy Science for 
one year beginning with January, 19.... 


Foreign postage 50 cents additional. 
Checks, etc., should be drawn to the order of the American Dairy Science Asso- 
ciation and forwarded to P. R. Ellsworth, Ohio State University, Columbus 10, Ohio. 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS 
Cloth Bound ........... $2.35 
Paper Bound ........ 


FLAV-O-LAC 
FLAKES 


UNIFORMITY 
IS IMPORTANT! 
Leading agricultural 
schools and colleges 
agree that the regular 
weekly use of FLAV- 
O-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 

milk products. 


|YOGHURT CULTURE| 


FLAV-O-LAC FLAKES 
(shown) produce a quart of the finest 
starter on a single propagation. Single 
bottles $2.00. 


SPECIAL FLAV-O-LAC FLAKES ‘‘40” 


produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.75. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on request. 


THE 


DAIRY LABORATORIES 


23rd & Locust Sts., Phila. 3, Pa. 
BRANCHES 


New York Baltimore Washingten 
See our catalog in Dairy Industries Catalog 


RENNET and COLOR 


Strong, clean Rennet is important 
in the making and curing of 

Use Marschall Rennet 
generously for maximum results. 


MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the 
publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only, 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts.—Manuscripts should be submitted in double spacing on one side of suitable 
84” x11” paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous permission from the editor is obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F, E, Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. In order to 
speed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.—Original drawings, diagrams and charts should be done in India ink on tracin; 
cloth (or white board) not larger than standard letter size (84”x11”). All lettering should 
be inked in block style and be of such size that the lettering will be not less than 3 in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.—Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.—Legends for figures and photographs should be typed on a sheet separate from 
the illustrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

Tabular Material.—Tabular material should be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, c, etc., should be used for footnote 
designations. If possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

References.—Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent mage eg articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) Jonzs, L. W., awp Suiru, J.D. Effect of Feed on Body 
of Butter. J. Damy Sct., 24: 550-560. 1941. 

Sample of book citation: (1) Lanpstengr, K. The Specificity of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as follows: (1) Coutts, 8. T., 
AND JENNESS, R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Expt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(s); cc., cubic centi- 
meter(s); g., gram(s); mg., milligram(s); y, microgram(s); ml., milliliter (s) ; mu, millimi- 
cron(s); C., Centrigrade; F., Fahrenheit; lb., pound(s) ; 0z., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 

In preparing manuscripts, use of first person should be avoided. 
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Tsolation and Cultivation 


of BRUCELLA 


PRELIMINARY ENRICHMENT 
Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample in 
medium prepared from Bacto-Tryptose Broth. For isola- 
tion from samples of infected milk no enrichment is 
required. 


ISOLATION OF STRAINS 


After enrichment the blood specimens are streaked on 
plates of Bacto-Tryptose Agar and the plates are incu- 
bated at 37° C. Milk samples are streaked on plates of 
Bacto-Tryptose Agar prepared with crystal violet to in- 
hibit the streptococci and other Gram-positive organisms. 


DIFFERENTIATION OF TYPES 
Bacto-Tryptose Agar to which thionin or basic fuchsin 
has been added is recommended for the differentiation 
of newly isolated strains of Brucella. 


Mass CULTIVATION 
Bacto-Tryptose Agar, prepared without addition of dyes 
or other ingredients, supports luxuriant growth of all 
Brucella. It is an excellent medium for mass cultivation 
of the organisms for preparation of bacterial vaccines or 
antigens. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


DETROIT 1, MICHIGAN 
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